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t h.r»v m P«rrlcul.r. It r.l.c.s to 

z:t™'<*" - «— - f — , — <,,1,1 " ,eT 

Virus (HIV) Infections. 

, orlfflftry i.nunologlc abnormality r..ulcing from 

\ H V 7. L Progr...iv d.pl.clon «* functional 
infection by HIV I. tn. pr g 

CDfc U • non- polymorphic giycop 

.. r f..nv (P. Haddon «C ml.. Cell 

11 1 ,<«w*l T cell* (£• Relnherz ec 

! j 121:2"' U«ll: ». SH" « 

f 7 ^ '1.7.. •< "■• j - "•<• 

r » 1 rr;rt„ 

— t -.11m have eleo been Identified (Y. Thomas 
cytotoxlc/.uppre.sor T cell. h«ve ex 

.C ml.. J- Exp. H.d. [1981): S. H.u.r ,c ml Froc. Set - 

" Scl USA 22:*393 11982] ; and A. Kr.ne.cy .t al.. Proc. fctl. 
Z d '• USA 12:2365 |1N.I). «- ^ of - helper/lndu- 
«' function probably und.rll.. the profound defect, in c.lluUr 
1 humoral 1-unity le.dlng to the opportunistic Infections end 
I™!., charalrlstlc of tn. quired Immunodeficiency 
.yndrom. (AIDS) (H. Lane aufil*) • 
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S electively Infect, rep „. 59 [1984]). 

u-.r ft> Kletzmenn ec el-. Science u^.- J > 

Lc —a »<«•«"•« d "~~ 4 "* i " t ~ ; »"1 
5 J.*..i. - — — — * < h - — r 

" r F . ., n , «... 1-447 11985]; S. Koenig. 

221:177 11985); L. Ep.t.in. AIDS R... L<*7 I 

Science 222:1089 [1986]; D. Ho .c .2.. Engl. J He*. 1U.1498 
,1985): J. Levy ec el.. U-cc 11:586 (1985]). epp.er, to hev. its 
xpleneclon in ch. expreeeion of CI* in cell, of neuro -1 glUl 
Z .onocyce—ropheg. origin (P. Heddon. Cell 
Funke ec .1.. J- Exp. Had. 16i-™° UMiJ: Tourvleill. ec 
Science 22&:" 0 (1986)). 

to .ddlcion co decerning che susceptibility to HIV-1 
infection, che „anif estetlon of cycop.thlc effects In the infected 
hoet cell eppeer. to involve CD4. Antibody to CD. -.. found to 
Tib the Lion of uninfected CD* T cell, with HXV-1 infected 
c.U, in moreover, the glent .ultinucle.ced cells produce 

by this event die shortly efter being forced resulting in the 
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— "* *" , ' „„., ^ ,.„. to to. to..~. 

u».. .i* »" »»• r£ \ZL u. — » « 

*<».&70 [1986]; J- Ltf»on ez 

(1986)). Thus. I" ■adU-tol »° 2Q an<J CDA 

i r*ll death, the Interaction between gp 
well as eventual cell oeacn. f- 

„f .everal critical entry polnta in tne 
constitutes one o£ several H it»uye at al.. 

cycle amenable to therapeutic Intervention (B. 

Nature 225=773 11987]). 

approximately 3/w « Mnn ln«i domain of the class 

,,.. r ,rv to the membrane- spanning 
significant Identity , nCr . C elluler sequence of 

V* domains (denominated 1-4 in Fig. 3). 

=1.1 .r toto 8 L.to ~ r r:: - 

,« <4 Since the CD4 adheson ordinarily binds to the r gn 
llgand. Since tne candidate for 

tototo-ltoU, toto '"£2 «»« - 

«U f-« "* "^" Ittu to — «*»• 

„1U. Th. *."•»=• to "-to™"" 
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functionality- 

A ccordin g ly. i« 1. - obj.cc of thi. invention »^ 
S oluble. ..cr.ced edhe.on.. X« U -other object to ^produce ^ 
^ iv .clve. in ^ tr.et.ent of XIOS end r.l.t.d condi . 

ln . ^er ...enti.Uy uneff.cc.d ^ the extre.e degr.. of g.n.cie 
arietlon ob.erv.d ~on 6 v.rlou. HXV-X ^ - - 
r ..p.ctiv. « polypeptide. (..Coffin. Cell l»M K MU 

another object i. to proper, edhe.on, fused to other polypeptide. 
„ tlr o provide nol.cule. with novel functionelitie. .uch - 
L. d -crib.- ebove for th.r.peutlc use. or dl.gno.cic -eg-- 
for th. in vitro ...ey of edhe.on. or their ligend,. In 
I'-Ur it 1. .« obJ.ctiv. to proper, .olecule. for directing 
r " effector ol.cul.. (Cor -pi. - - d~in of 
Lunoglobulln) to cell, be.rlng r.c.ptor. for the ^ 
HIV gp!20 in th. c.«. of d». end for use in teUltt^t 
59 t- 1. • further obj.ct to provide 

purification of th. edhe.on.. I. U • »««» 

,tebl.. highly purified edh.son pr.p.r.tlon. . 



The obJ.cc. of thi. inv.ntion er. ecco.pli.hed by providing 
nucl.lt ecld encoding en e.lno ecld ..<u.nce veri.nt of « ^«on. 
in perticuler . v.rient In which the ^ " 

.odlfled eo thet it 1. no longer c.pebl. of beconlng lodged in the 
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in the ca.. of CD* such variant, ar. t—d .olubl. 
call •aabrant. In the caie 

CW. 

. T. . W «U «ith «UU ~« «* " l ~ 

— «- - - <•» — - 4u - 

fron ly.*c of the ho.c cell. 

I„ .p.clflc enbodlnent.. *• obJ.cc. of Chi. invention ere 
4„i M » .dh..on v.rlent ..l.ct.d fro. th. 

gr oup con.l.c.n g of J.) ^ . no (b ) . polyp.ptld. 

h.vlng .n ^^'; t ^t lar doMln £ ^ co th. — - of 
coaprl.ing en edhe.on .xer.celi.uj. 

rz. pu~ uu — « - -— ■ — 

I. . ,r.£.rr.d «b.di«~ . n.lyn.P<*>- * 
binding *-lT " *• «* ' " <""" " "* " " 

polypeptide .uch .. rlcln. 

Th. ct* .dh..on v.rlent. provided her.ln ere purified end 
for.ul.ce. U ph.r.ecolo.lc.lly ece.pt.bl. vehicle for 
.aalnl.tr.clon co p.cl.nc. In need of encivlr.l. n.uro-odul.cocy « 
i^onodul.cory ch.cpy. In pertlculer p.tl.nc. Infected vlch HIV. 
„d for u.. In th. moduUtlon of cell .dh.slon. 

a x ial BtfgiltflflB af fla nravlnta 

Fig.. U-lc depict the -mo ecld end nucleotide ..ouenc. 
of . ..cr.t.d fom of the CD* edhe.on. The .Ignel proc.lng .It. 
It de.lgn.ted with «n «rrou. 
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of « fusion of ch. harp.. V 

th . putstiv. -cur. H.cr-inu. of CD4T. 

< t h. .cruccur.1 al—nt. of th. natlv. and 
Fig. 3 dapict. th. -true ^ 
..1*1. CD4 edha.on. th. xutiv. h«un Ig Cl (71> 
.*.«pUr? h..vy chain-CD4 chU.r..- 

u *b .re . «P of th. Unk.r.d huaan IgCl (n> chain 

fig.. 4.-40 «e «P lns<rt , lcei 

fr.gp.nt .-ployed In the preparation of CI* fusl 
are de.lgnat.d il end Fc . 

F l t 5 U a of th. hu«n « light chain frag».nc useful 
Fig. 5 i« a map variable and 

fer ci* fusion, at the arrov flanked by tt 8" 

joining) and C, (light conatanc) . 

ere call -urfac polyp.ptlda. having an 
cla.. I •«« cl "» J . chalns . Exanpl.a 

«i1or Glycoprotein of poripner»j> j 
,.«..«.«. th. .a™!.** £.«or- 

* — *7 " ;rc. . »-«• — 
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^TtM - UIK " E F= """" 

. i. ..tti~i.iiy ««» - l ~ 

<f ^ ^.„„ It. kf-lk. P"<""' 
11... 

following cUii" iM.rtWMi. 
v»r lanti . 

„ M or «« »l~ „ o.. c 

"•rr-ir 's^nrr » — - - — •- *■ 

- ' t".. M .r. — W «— «• * 

— *• ""IT £ s.v... ^. .< *«- »• 

J£T «klv. f-«- 

rr;; t — j- — — 1 
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w . C «LE b«t.-g.laeto.ida... viral polypeptide. 

r« j — » — - — "'"r " » z 
'T.rr.::^ -1ST. — — — 

r„.r: z zz — -- - - — — ^ « 

t " e "" ... „ by ch . of bif,»ttl.~l cr<,,..Ut*ln. 

.... »--u— •«• - iiy - ,ntl "' 1 " d ln 

.cruccurelly ho.ogeneou* form. 

Th... i-.unog.mc ins.rtion. .r. particularly useful vh.n 
forced into e ph.r..cologlc.lly .cc.ptsbl. carrier and 
.aUnl.c.r.d to a eubj.ee In order to rale, antibodl.s sg.inst ch. 
adh..on. which antibodl.. In rum are us.ful In di.gno.rlc. or In 
purlfiction of .dh..on by in»uno.ffinity t.chniqu.. known per se. 
Ilt.rn.tiv.ly. in the purlfiction of adh.sone. binding p.rcn.r. 
or th. fused non-.dbe.on polypeptide, e.g. entibodies. receptor. 

or llg-nds. are us.d to .dsorb th. fusion from i-pur. ad-ixtur... 

efcer which the fusion i. elu.ed .nd. if de.lr.d. th. .dh..on 1. 

recov.r.d fro. th. fu.ion. e.g. by .myotic cl.ev.ge. 

Other fu.lon.. which «y or M y not al.o be 1-unologic.Uy 
active, include fusion, of the edhe.on ..„u.nce vlth . .ign.1 
,. q u.nc. heterologous to th. edhe.on. fusion, of cran,.e.br.n.^ 
.odifi.d CD. .dh..on.. for ««ple. to polyp.ptide. h.ving enh.nced 
pi.... half Ufe (ordinarily >.bout 20 hour.) .uch .« 
^oglobulln ch.lns or fragment, thereof, and fusions with 
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, uri.. Signal ..quenc. fusion* are ..ployed l« 
cy cocoxlc Sl ^ ct L .. cr . clon of the adh.son. 

order co -or. .xp. «M * adhMen >lfMlt ^ 

^ heter8l Tl 8 ' riu r.co^. d . I... proc.....«ocU.v.a 

T . ho" - -..on U -reted Signal, ere 

bM .c on the mended host c.U. - J x 

^BMlUn and viral .equ.nc.s. Th. herpes gD glycop 

t , ,ult.ble for use In _1U» expression system 

PUsB . protein, which h.v. enhanc.d pi— ^"J" 

A4n+A CD4 include eerum albumin, 
rhur of transmembrane modified CD4 incxuu* 

TT« ,i— p"-" £ ""°" u *™~«" ,i < * 

ltd* — •«•«• - " vl " ut ° £ l " not " . 

biological activity. 

ln . specific embodiment the adheson immunoglobulin- like 
domain vhich nay be homologous either co th. constant or to the 
Variable region domains is conjugated with an i-unoglobulin 
constant region sequence. The resulting product, are referred » 
herein as lmmuno.dhe.ons . Immunoglobulins and certain variant 

, , „ 123-793 (1979); Kflhler et al.. P.N.A.S. ui* 

Harrison. J. immun. l^i-'" 

norrison. 41:2073 (1981); Morrison 

21:2197 (1980); Raso et .2.. Cancer Res. fti- „ 9 . 1202 
Z .1 Ann. Rev. Immunol. 2.:23« (1984); Morrison, Science 222-1202 

* C * l " ' . p N A S USA £1=6851 (1984); EP 2S5.694; 

(1985): Morrison *c al . . P.N. a. a. u»a a* 

EP 266 663; and UO 88/03559. Reasserted immunoglobulin chains also 
.„ Vnovn. See for example U.S. patent 4.444.878; VO 88/03565; and 
EP 68.763 and references cited therein. 

Ordinarily, the dom.ins of edhesons th.t ere homologous to 
^globulins and extracellular in their native environment ere 
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^ H-t.r.inus of che constant region of 
fttM d Cecily co ch. « « thereof . 

^oglobullns in Accive hlnge . CH2 end CH3 domain, 

t .ci«lns « I— ^ \~unoglobulin heavv chain. This 
of che constant region en ^ ^ ^oprlece OSX 

ordinarily U «— * ln receBb tnant cell culture. 

T*T~LZL< or UM- — * 

life are rus 

other edhesons in Che se« fe.hion. 

« f»r the CD4 V-liVce regions (V1-V4) 

^ boundary covins for che CD* ^ 
-Ko.,t 100-109. about 175-18*. aooui. 

«e respectively, .bout 100 . ^ ^ ^ ta 

about 360-369 (based on the p 

CD4 sequences 

which the initiating -at is - : • _ lobull T» 

r rK. CD4 V domains are fused to tne 
containing any of the CD* V1V2 V3V4 be fused at - 

»'^« " ' ^^..rl.i*. •£ th. CD.. I*. 

•rrr. -rr— * — — — * 

11— !». - ' ft „ h..c M 

„ D « disulfide bonded in the san. 
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aV 7l C 7 i 

hCD^-taC^ 
hCD4.BC 7 i 

hCIX-mC* + hCD4-aC 7 i 

hCItt-hC* 
^CI>^-hC 7 i 

hCD^-hC* * hCD4.hC 7 i 

aV^C* * hCD4-hC 7 i 
*ND - Not dAtACt«d 



TadU 1 



bV^C* and/or (mV K C K )2 



KD 



(«V lt C lt )2(» V 7l C 7l ) 2 * 
bV^C* And/or (aV^C^ 

hCD4-mC K And/or (hCt^-«C JC >2 



ND 

(hCD4.»C x ) 2 (^ CI)4 - mC 7l ) 2 + 
KCDfc-aC* and/or (hCD4-«C lt )2 

hCDfc-hC* And/or (hCDfc-hC*^ 
(hCD4-hC 7 i)2 

(hCD4.hC (C )2(^CD4-hC 7 i)2 + 
hCD^-hC* And/or (hC04-hC lt )2 

(«V„C <t )2(hCl^-hC 7l )2 ♦ 
aV^C* and/or (»V lc C (t )2 



h..vy cb*ln l»uno.dh..on v.. ..crefd « 

n,.vy «»i . (thls not •xcludlng 

w^logou- -urln. corucrucclon «. not dec.ccea 
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*„.i, > ^ ^ „.„„„„„.,. 

« „ „„ „ „r. 11*. « 

.h.r.ln th. Oft .flW °" „ ^ tacludUj 

Ught-h.evy chain non tu- 
h eterofunccion*l antibody thu, is provided. 

V.rlous exemplary hetero-and chLerlc i»uno.dh..on • 
, „ In accordance with this invention are 

•" tib °r\j r r.;i.^.'r. — « • - 

.nd v designate, a covalent cro.s-linKing -oiety. 



(a) AC L 
(b? AC L -AC L ; 
(O 
(d) 
(e) 

(f) 

or 

(g) [A.Y] n -tV L C L -V H C H l2- 



A CH. t AC H . AC L -AC H . AC L -V H C H . V L C L -.C H . or 
XC L .ic H -lAC„ ^-AC„. AC L -V H C H . V L C L .AC H . or V L C L -V«C„] 

v L C L -AC„-tAC H . AC L -XC„. AC L -V H C H . V L C L .AC„. or V L C L -V„C H 1 . 



The structure, .hovn in this cable show only aey feature. 
. g chey do nor ehov Joining CJ> or other do-ain, of the 
Lunoglobullns. nor are di.ulfid. bond, shown. These are o.l«e 
B J interest, of brevity. However, -here euch domains are 
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i^oahoooo « „ { «.tu».dl..: -« 

lfflffl u a o B lobuUn. preferably U cap 
•nclgen. 

.nlon tmunoglobulln combining •!»« «* 
Sulcbl. companion l«un , ^ ^ 

fus lon partner, ere obceln.d fro. IgC-l. 2. 

IgA. IgE. I«D or I*. buc preferably IgC-l. 

A preferred embodiment Is e fusion of ~Z . 

c£ CDt . .bleb contain, tbe binding _ lbed , 
< «f HIV to the C- terminal F c portion 

- -— — Mr : : « « - — - • 

«k.i„ MOM r.«i- » *"° „, a. to 

tatf-M '» - J ", 1 7 < r.T*- at. •*»■ 

el ..v. s . «* <•«■" » r < C " " I I H. U4 ,ooo.< 

, I»t~ - •*« 1— ..!•>»»»> " - ' 

1,871 ' _ ..,„„., ... doocrlo.d 1» *• «""■*••• 

portion o< C». TKoo. ookodloooco or. oo 

Ho,, poxo^lorly. ch... v.,l»c. U *l* - « 

rr'L:rrj\;rr;:.. l , t . r . EP;r 
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- „ • (U December 1984); Sharon « .1.. Nature 222: (24 Hay 
Nature 1U. (13 ^ UjM51 . 6i55 

1984 V Horrl«on «c *i • . riww * 
19 S4 : Horri.on ec si. Sci.nc. 222:1202-1207 (1985): and Boullanne 
c .1 Nature 112:^43-646 (13 December 1984). The DNA encoding 
adhe.on U-unoglobulln-Uk. domaln(.) U cleeved by a 
restriction enxy- at or proximal to the 3- end or the DNA encod ng 
th e im-noglobulln-l*. dom*ln(.) and at a point at or near* • «U 
encoding the N-cermlnal end of the mature adhe.on polypeptide 
.vher. use of a different leader 1. contemplated) or at or proximal 
M che N-termlnal coding region for the adhe.on (where the native 
.oheson signal is employed). This DNA fragment then i. readily 
inserted into DNA encoding an immunoglobulin light or heavy chain 
constant region and. if necessary. tailored by deletion*! 
aucegene.is. Preferably, thl. Is a human immunoglobulin when the 
15 variant is Intended for in vivo therapy fcr humans. DNA encoding 

immunoglobulin light or heavy chain constant regions is known or • 
reedlly available from cDRA libraries or is synthesized. See for 
example. Adams ec al . . Biochemistry 12:2711-2719 (1980); Cough et 
.1 Biochemistry 12:2702-2710 (1980); Dolby ec .2.. P.H.A.S. OSA. 
H-6027-6031 (1980); Rice et .1.. P.N.A.S. USA 22:7862-7865 (1982); 
Faltoer ec *!.. Nature 224:286-288 (1982); and Morrison ec -I.. 
Ann. Rev. Immunol. 2:239-256 (1984). 

DNA encoding the immunoglobulin or immunoadheson chimeric 
25 chain(s) is tr.naf.cted into a host cell for expression. If the 

host ceil 1. producing an immunoglobulin prior to cransf.ction then 
one need only transfect with the adhe.on fused to light or to heavy 
chain to produce a h.t.roantibody. The aforementioned 
immunoglobulins h.vlng one or more arm. bearing the adhe.on domain 
30 and one or more arm. bearing companion variable regions result in 

dual specificity for adheson llgand and for an antigen. These are 
produced by the above- described recombinant methods or by in vicro 
procedures. In the latter ease, for example. F(ab') 2 fragments of 
the adheson fusion and an Immunoglobulin are prepared, the F(ab')2 
35 fragment, converted to Fab' fragments by reduction under mild 



20 
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dlclonJ ^ then reoxidlx.d In each other' 5 presence 

r^- u — - — — - - ~ 

also U.S. patent 4.444.878. 

xddition-lly procedure. .re known for producing intact 
Xddlti.n.1 y P lBBuneglobulln « having different 

for one of the previously employed 
lmmunosdheson chains tor 

innunoglobulin* . 

1„ en alternative method for producing » heterofunctlonal 
antibody, host cells producing, an adheson- Is-unoglobulin fusion. 

g cranafecced myelomas, also are fua.d -1th B cell, or 
hybri do... which .ecrete antibody having the desired companion 
specificity for an entlgen. Het.roblfunctlonal entlbody Is- 
r ecovered from the culture medium of such hybrldo.es. and thus «y 
be produced somewhat nor. conveniently then by conventional In 
vicro resorting methods (EP 68.763). 

Another group of fusion, are those In which an adheson 1. 
conjugated with . toxic .ub.tance. e.g. a polypeptide auch a. ricln 
(including ^glycosylated ricln A chain), dipth.ri. toxin A. or a 
non-peptidyl cytotoxin. Where the toxin 1. a polypeptide it is 
convenient to cross-link the polypeptide to the adheson or its 
tr.nsm.mbr«..delet.d variant by conventional in vitro protein 
cros.-llnking agent, (for suitable methods for Unking ricln A 
chain or d.glyco.yl.t.d A chain to CD* .... for example. Duncan et 
.1 -Anaiy. Bloch.m.' U2:68-73 11983}; Thorpe et al.. 'Cancer 
R.s • 41:5924 (1987); end Chotle ec al.. 'Cancer Res." 4&:2610 
11988]) or by recombinant synthesis as a fusion (see for example. 
U S Patent 4.765.382). Alternatively, where companion antibodies 
are entl-rlcln entlbody Immunoglobulin variable domains, such 
lB8B unoglobulln heteroantibodle. are employed to deliver ricln to 
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C^.r »....«*. 41^073 (1981). 

hv the removal of one or more amino 
5 Deletion, er* characterized by the re- ^ 

.id re.ldue. fro. . •<*••<»» .equence. Typically 

..r»ne end cytoplasmic domain, of adhe.on. er deleted. In 

for mature CD* a. noted, for example. In figures la - le. Thus. 
Z"2 cul.s generally will ter.ln.te In the vicinity ofabou 
"Lues 366-368. or at any other suitable ,lte S- terminal thereto 
„ which preserves the spUO-blnding capability of the CO* variant. 

Substitutional variant, are tho.e In which at least one 
re ,ldu. in the adh..on .equence ha. been removed and a different 
e.Uu. inaerted In It. place. The native N- terminal re.idu. for 
20 mature CD* 1. now lenovn to be ly.ine. Thus, the seance shown in 

Fie 1. with an H-t.rminal aaper.gine. 1. an amino acid 
vari«t of native mature CD*. Table 2 belov describe, 
substitution, which in general will result in fine modulation of 
the characteristic, of the CD antigen. 
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Ala 
AT* 
Asn 
AJP 

Cy. 

Gin 

Clu 

Cly 

Kit 

lie 

Uu 

Ly. 

Hec 

Phe 

Ser 

Thr 

Trp 

Tyr 

Val 



TABLE 2 



•er 

ly. 

gin; hi. 
Slu 

■•r; ale 

a.n 

aap 

pro 

ean; gin 
leu; vel 
lie; vel 
•rg; gin; glu 
leu; ile 
aet; leu; tvr 

thr 

eer 

trp; phe 
lie; leu 
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Sub.tentiel change. In function or immunological Identity 
ere -de by .electing .ub.titution. that are lee. cona.rvetiv than 
the., in Table 2. I.e.. .electing re.ldue. that differ *ore 
.Ignlficantly In their effect on maintaining (a) the .tructur. of 
the polypeptide backbone in the area of the .ub.titution, for 
.xemple a. a .heet or helical conformation, (b) the charge or 
hydrophobic^ of the molecule at the terg.t .if or (c) the bulk 
of the .id. chain. The .ub.titution. which In general are expected 
to produce the greate.t change. In adhe.on prop.rtie. will be tho.e 
in which (a) a hydrophilic re.ldue, e.g. .eryl or threonyl. i. 
.ub.tituted for (or by) a hydrophobic re.ldue. e.g. leucyl. 
i.ol.ucyl. ph.nylalanyl . velyl or alanyl; (b) a cy.t.inyl or prolyl 
1. .ub.tituted for (or by) any other re.ldue; (c) a re.ldue having 
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: X" L- *. * w » — — — ~- •• ••■ 
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side ch»in. e.g.. glyeyl. 

a preferred el... of sub.titutional or d.letion.1 variant, 
are tho.e involving the transmembrane region of ^ ^' J* 
rre-membren. region of ch. .dhe.on i. . 

Upophilic dom.in that i. the proper .ix. to .pan the lipid bil.yer 
of 1 cellular membrane. It is believed to enchor the adhe.on in 
che cell membrane. 

Deletion or substitution of the transmembrane domain will 
facilic.ee recover? ano provide . .oluble for. of the .dhe.on by 
reducing it. cellular or membrane lipid effinity and improving its • 
w.cer .olublllcy. If che tr.n.membran. end cycopl..«lc dom.lns are 
deleted on. .void, che introduction of potentially i-unog.nic 
epitope.. either by expo.ure of oth.rvi.e Incr.c.UuUr 
polypeptide, that might be recognised by the body .. foreign or by 
Insertion of heterologous polypeptide. that .re potentially 
oogenic . A principal .dv.nt.g. of the trsnsm^ran. deleted 
adheson i. chac It 1. ..creted into the culture medium of 
recombinant ho.t.. Thi. variant 1. water .oluble and doe. not have 
an appreciable affinity for cell ...bran, lipids, thus con.lder.bly 
simplifying it. recovery fro* recombinant cell culture. 

It will be anply .pp.r.nt from the foregoing di.cus.ion 
th.c .ub.tltutlons. deletions. Insertion, or .ny combinecion 
thereof are introduced to arrive at a final con.truct. As a 
g.n.r.l propo.icion. .11 variants will not have a functional 
trans—bran, domain and pr.f.r.bly will not h.v. a functional 
cytoplasmic ..ouence. Thi. I. gen.r.lly accomplished by deletion 
of the r.l.v.nt domain. although adequate ln.ertion.1 or 
.ubstltutlonal mutagens also car. be effective for this purpose. 
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i. th. cr.n...»br.n. don-in Is .ub.citut.d by «y "ino 
FOt ^'t T^ or ho.opolynucl.ic ..,u.nc. of .bout 5 

con.id.r«d co be an .dhe.on v.rUnt. 

Th... v.ri«C, ordinarily .re prep.r.d by .1c. .pacific 
of nucleotide, in che DHA- encoding ch. .dhe.on. thereby 
Troducing DHA encoding che v.ri.nc. end thereafter expree.lng the 

I in recombinant cell culture. However, verier ~ 
. re prepered by in vitro .ynche.i.. Obvlou,ly. variation. rn.de in 
L DNA encoding the v.ri.nt .dhe.on. mu.t not pl.c. the ..oua-a 
5 out of r..dlng frame «d prefer.bly will not cre.ce compl...nc.ry 

region. chat could produce . ..condary mRHA .tructure delet.riou. to - 
expres.ion (If 75.*4*A>. The CD* v.ri.nt. typlc.lly exhibit the 
gpl20 binding .ctivity .s does the naturelly-occurr ng 
prototype. .Ithough variant, .l.o .re .elected in ordor to modify 
;0 the ch.r.ct.ri.tic. of the CD4 .dhe.on .. indicted .bov.. 

While the .lte for introducing «n amino .cid .eou.nc. 

v.rl.tion i. predetermined, th. mutation p.r need not bo 

pr.det.mmed. For example, in order to optimize th. perfon-nc. 
25 of . action .t . given .lte. random mutagen..!. m.y be conducted 

.t the target codon or region .nd the expre...d .dhe.on variant. 

.crooned for the optimal co.bln.tion of do.lr.d .ctiviti... 

Technique, for m.king .ub.titution mutation, .t predetermined .it.. 

l„ DMA having . known .e q uenc. .re -ell known, for axampl. K13 
30 prlaer autAgeneiis. 

Adho.on variant, th.t .re not c.p.ble of binding HIV gpl20 
.re u.e£ul non.th.le.. « immunogens for r.i.lng entibodle. to the 
.dh..on or .« ln»ono....y kit component. (l.b.lled. . 
35 competitive re.gent for gpl20 ....y. or unl.bell.d . .t.ndard 
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£or . adha.on ..»y> " W a. at U..t on. ^ .pUop. 

Th. DNA ..coding edh..on. 1. obtalnad by known procdur... 
Se. Willi-.. 1— ol. Today 4:^8.303 (1987) and citations 

r.r.in m 8—1 prokaryoc. ar. us.d for cloning of CD4 
ch.r.ln. » K atrAln SRl0l (for 

(.TCC Ho. 31446) «. p.rticul.rly u..ful. Oth.r .ierobUl 
cr.ln. which b. us.d Includ. £. cell 8. 1*101 and E. coll 

xl7 7S (ATCC No. 31537). Th... .x«pl.. ar. illu.tr.Civ. rath.r 
ch.n Halting. 

DNA .ncoding the v.rl.r.t .dh..on. .r. Ins.rfd for 
,xpr...ion into vector, confining pro.ot.r. «d control ..ou.nc.. 
which .r. derived fro. .pecle. co-p.tlbl. with th. int.nd.d ho.t 
c.ll Th. vctor ordinarily, but na.d not. carry . r.plicatlon 
.it. w.ll .. on. or .or. .*rk.r ..qu.nc.. which «r. capabl. «f 
providing ph.notyplc ..l.ctlon in cran.for..d c.U.. For «*U. 
Z coll 1. typlclly cr.nsfor».d using . d.riv.tiv of pBK322 which 
I. . pl..«id dariv.d fro. an E. coll .p.ci.. (Bolivar, .t .1.. Can. 

95 11977)). PB&322 contain, g.n.. for aaplclllin and 
tetracycline r..i.t.nce and thu. provld.. ...y for 
ld.ntlfylng transfer..* c.U.. Th. pBR322* pl—id. or oth.r 
B lcrobial pl...id «*t al.o contain or b. -odlfl.d to contain 
pro»ot.r. and oth.r control ilonu co»only us.d in r.co-blnant 
DNA construction*. 

Pro.oc.rs .ulc.ble for us. with prokaryotic ho.t. 
illustr.tiv.ly includ. the pl.ccas-s. and lacto.. pro«ot.r sy.fM 
(Ch.ng .t aJ.. N.tur.. 221: 815 (1978); and Co.ddal .c ml.. Natur. 
2fil- 544 (1979J). alkalln. pho.ph.ta... th. tryptophan (trp) 
prcot.r .y.«. (Co.ddel. Nucleic Acids R... ft: »037 {1980} and EPO 
Appln. Publ. No. 36.776) and hybrid prcot.r. .uch •« th. t.c 
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pro ~ter (H. d. Boer .c Proc. H.cl. A.-. Set. USA *> 21 

Il983,) «ov.v.r. och.r functional bacc.rlel proper .« 
Lbl." Their nucleotide ..ou.nce. ar. g.n.r.lly known, thereby 
nabllng . .klll.d worker op.r.bly to llgat. the. to DHA encoding 
*. adhe.on variant u.lng linker, or adaptor, co .upply any 
quired r..trlctlon .!«. (Sl.b.nll.t .c al.. Call 2ft- 2 
, lM 0J). Promot.r. for «.. In bacterial .y.t.me .1- will contain 
. Shine-Delgarno (S.D.) ..,u.nc. op.r.bly link.- to the DHA 
•ncodlng the entlgen. 

In eddltlon to prokaryoce.. eukaryoclc microbe, euch 
y ..st culture, el.o ere useful cloning or expree.lon ho.t.. 
1 r ^.« fifmtlUt. or common baker', y.est 1. the mo.t 
commonly u..d eukaryotlc .lcroorg.nl... although . nu«ber of other 
sereins .r. commonly .v.il.ble. For expr.s.lon in S.ccharomyce. . 
the ple.»id YRp7. for example. (Sclnchcomb. et .1.. Nature 2fi2= 39 
[1979); Klng.man et al. Cen. 2: 1" (1979); T.ch.mper et .1.. Gene 
ifl. 157 [1980]) 1. commonly u..d. Thl. plaa.ld already contain, 
the trpl gene which provide, a ..lection m.rkar for a mutant .train 
of y...t lacking the ability to grow In tryptophan, for example 
ATCC no. 44076 or PEP4-1 (Jone.. Cen.tlc. fii: 12 (1977]). The 
pr...«ce of the trpl le.ion a. . char.cc.rl.tlc of th. yee.t ho.t 
cell genome then provide, an effective -an. of ..lection by growth 
In the eb.ence of tryptophan. 

Suitable promoting .equence. for u.. with yea.t ho.t. 
include the pro.ot.re for 3.pho«phoglyc.r.t. kin... (Hltxeman -C 
si J Biol Che.. 2073 11980]) or other glycolytic enxy»e. 

(He.. « .1.. J. Adv. Enzy-e Reg. 2: W» !»«•); ™d Holland. 
Blocheml.try 12: 4900 [1978]). «uch .. enolase. glyceraldehyde-3- 
pho.ph.t. dehydrogena... hexoklna.e. pyruvate decarboxyla.e . 
pho.phofructokln.... gluco.e - 6 -pho.ph.t. lsomer.se. 3- 
pho.phoglyc.r.te mute... pyruv.ee klne.e. crlos.phosph.ee 
lsomer.se. phosphoglucose lsomerase. end glucoklnese 
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-hteh .re Inducible proaoter. having 
Other vee.t pronoter.. which ere * 
Other y... «« n , c rlpclon controlled by growth 

eh - 4i rrt "t.: ^ L .Uohol d.bydrogen... 2^ 
condition., jr. P ^ v . ...ocl.c.d 

l ir° trTg. " I.!- —Uothlonem. glyc.reldehyd.^ 

f l ph.t Zdrog.ne... - «~ ~ ~ U °" "* 

. « -iLi- Suitebl. -tor. - P~.ot.r. for 

t .xore..lon ere further de.crlb.d In R. ■!«— .e 1.. 

y ...t expr...lon .rf^ncer. elso ere 
Europeen Petent Publlcetlon Ho. 73.657A. 
10 .dv.nteg.ou.ly u..c with y.eet pro.ot.re. 

Promoter, for controlling trenecrlpclon fro. vector. In 
^Uen ho.c cell. ~y be obt.ln.d fro. ^ 
„«pl.. the g.no.e. of vlru... .uch ..: polyo.ee. Stall vlru," 
15 svTo>. edenovlru, retrovirus h.p.tltl.-B vlru. en- « 

pr.f.rebly cyto.eg.lovlru. . or fro. h.t.rologou. — - 
ro.oc.r. . g the bet. ectln propter. The e.rly end let. 
pro-tor.' of eh. SV40 vlru. .re conveniently obteln.d e. en f*0 
..trictlon fr.g..nt vhlch el.o contain, the SV*0 vlrel origin o 
20 repllctlon. Fl.r. ec .2.. Heture, 221: 113 (1978). The ~ 

..rly Procter of the hu~n cycoegalovlru, 1. conveniently 
obtelned e. . ItodXXX E r..trlctlon freg-nt. Cr..naw.y. f-Jje 
.1.. Cen. 1ft: 355-360 (1982). Of cour... prcot.r. fro. the ho.t 
c.ll or releted .pecle. «l«o ere u.eful herein. 

" DSA tretucrlptlon In higher eukaryote. 1. Incr.e.ed by 

ln..rtlng en enhenc.r ..quen.. Into th. vector. Enhenc.r. .re el- 
ecting ele».nt. of DNA, u.ually fro. .bout 10 to 300bp. th.t .ct to 
l„cr.... the crenecrlptlon Inltl.tlon cep.blllty of e prcoter^ 
30 Enhancer, ere r.l.tlv.ly orl.ntetlon end po.ltlon Independent 

h .vlng b..n found 5' (tataln.. L. ec .1.. Proc.Necl.Ac.d.S 1 2T 
99 3 11981,) end 3' M.L. . « 1.. Hoi. C.ll Bio. J: UO. 

M983J) to th. tren.crlptlon unit, within en Intron (B«.rjl. J.L. 
.c .1 Cell 22: 729 11983]) .. w.U .. within th. coding ..cu.nc. 
» It.eU (O.bome. T.P.. et .1.. Hoi. C.ll Bio. 1293 ,!•»,>. 
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««« w-novn from MBMlUn genes (globin. 

•last.se. 4iDu» .^ryotlc cell vlnu. Exenpl.. 

««. will u.e **> enhancer £rom * • u ** r J ro " 

and adenovirus enhancers. 

v.c..t. U..1 ta .-k.ry.tu H..C ell. <y"»- 

encoding the adheaon. 

Egression vector sy.t«s generally will contain a- 
.election gene, also t.no.d * s.l.etabl. -arfc.r . Exa-ple. of 

..i.c t . b i. — n- c.u. «^.u» 

reduce*.. (DHFR) , thyldln. kin... or neomycin. When .uch 
..lecesbl. .ark.r. .r. .ucce.sfully transferred inco . mmIU. 
host cell, the tr.nsfor.eo MdU. host cell en .utvlv. If 
pUe.d under -elective pr...ure. There .re two widely u..d 
distinct categories of .elective regie*,. The flr.t ""gory 1. 
b .„d on . cell'. -et.bolls. .nd the u.. of . «ut.«t cell line 
which 1.CVC the ability to grow independent of . eupplement.d 
B .di« Two ex«ple, .re: CHO DHFR* c.U. end -ou.. LIT cell.. 
Th... cell. Uck the .billty to grow without the .dditlon of .uch 
nutrient. ., thymidine or hypoxenthine . B.c.use th... cell. Uck 
certain g.ne. necessary for . coepl.t. nuci.otid. synthesis 
p.thw.y. they c.nnot .urvive unl... the missing nuci.otid.. .r. 
provided in . supple.ent.d «diu». An .lt.rn.tive to supplementing 
the oediua is to introduce .n intact DHFR or TK gene into cells 
lacking the respective genes. thus altering their growth 
requirements. Individual cell, which were not tr.n.formed with the 
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media. 

^ .econd c.c.gory 1. -o.ln.nc .eX.ccion which refer, co • 
1 ccion .che.e «... in eny cell type end doe, noc require the use 
.election ,che ^ ^.Uy u,. e drug to 

• ° UtMlt ch e * 1 \ h0 . t C . U . Tho.. cell, which h.v. . novel gene 

„„., under .^oclc » «.!«-• » *• 

acid) or hygrosycln. re.peccively . 

•AnpUfiction- refer, to the tncre... or repllc.tion of 
. l.ol.c.d region virhln . cell'. chro.o.o«l OH*. 
U .thieved using . ..lection cg.nc e.g. ~chocrex.ee (KtX> which 
ln ecclv.ce. DHF*. A^Uflc.tion or the ~Klng of .ucc.lv. copi.. 
ef ch. DRFR gen. re.ult. in gre.t.r ..ounce of DHFR being produced 
to the fee of gre.cer «ounc, of KTX. Ampllf ic.tion pre.sure 1, 
p l ed noculchAandlng the pre.ence of endogenou. DHF*. by .ddtog 
ever gre.ter «ount, of KTX to the -U. A-pUficCion of 
oe .lred gene c.n be .chi.v.d by eocr.nsf.ccing . 
cell vith . pU-lo h.ving . OHA encoding . de.ir.d protein .nd the 
DHFR or «plifiction gen. peclceing colntegr.tlon. On. .n,ur.. 
th*t ch. cell require, nor. DHFR. which r.quire.enc 1« .ec by 
r . P lic.clon of the ..lection gene, by .eleccing only for cell, thnt 
cen grov in the pre.enc. of ever-gre.C.r KTX conc.ncr.clon. So 
long ., ch. gene encoding . de.ir.d hec.rologou. procein h., 
colntegr.ted wich ch. eeleccion gen. repllc.clon of chl, gene give, 
rl .e co cpllcclon of che gen. encoding ch. de.lred proc.in Th. 
re.ulc 1. ch.c lncr....d copi.. of ch. g.ne. i.e. « «pUfl.d 



rf a*, (mm « ^l^m mTm & »»: 
mi: M : M ^ JJ "SJw * »»« »« « 

L «* tSfS! HIM WW' ^ » 

wi v , nn r.in substantial pfU 3fUf f?f «8S- * s rT3S * 5 
pr ? f,rr,d ?f? hod pf " ^ Fsoc . ,j ftl . *gfd. §?l. 

(US*), ?H? 'V??? 5 

cordon Pf f»M* V ? «p» conctUio! ftp MM 
c 8 *ift» U» - , ! lds or WJf !?tB?S»?5 *?* 




WO 89/02922 



PCT/UStt/03414 



1C 



15- 



20 



25 



30 



.26- 

cleaved , tailored, en- -lH— in the for. d..lr.d - ^ 
pl..mid. Suitable procedure, are "™ * 

construction de.crlbed herein. S... for example. (Hanl.tl. T r 
a,***!^*^. W-l* C.U Spring Harbor I' ,. 
« rrocll. i« Ocular aiology-. -dice, by Xusubel eta 
,19.71. pub. by Green. Wbll.hlng A-.ocl.te. 6 Wiley - Inter.c lence ) . 

Correct pUnld a.quence. ere confirmed by transforming £. 
cell K12 .train 294 (ATCC 31446) with ligation mixtures, .ucc.ful 
cransforments .elected by amplcllUn or tetracycline real.tenc. 
where appropriate, pla.-ioa from the tr.nsform.nts prepared and 
ch en analyzed by restriction enzyme digestion and/or sequenced by 

by -.he method of Maxec et .1.. Methods In Enzymology ft* 

(1980). 

Host cells are transformed with the expression vector, of 
chl. invention. Thereafter they are cultured in appropriate 
culture media, e.g. containing substance, for inducing promoter., 
.electing tran.fon.ants or -plifying gene.. The culture 
conditions, such as temperature. P H and the Uke. are tho.e 
previously used with the host cell .elected for expr...lon. and 
will be apparent to the ordinarily skilled artisan. 

The secreted adh.son variants are recovered and purified 
fro* the culture supernatant, or ly.at.s of recombinant ho.«. 
Typically, the sup.mat.nn. are concentrated by ultrafiltration, 
contacted with a llgand affinity or tmmuno.f f Inlty matrix so a. to 
.daorb the adh.aon variant. and .luted from the matrix. 
Optionally, the adh.son I. purlfi.d by Ion .xch.nge chromatography. 

Surprisingly, purification of soluble CD4 adh.son fro. 
culture medium was unexpectedly difficult. Notwithstanding that 
the hydrophobic tr.n.m.mbr.ne region of the antigen had been 
deleted, the antigen exhibited a strong tendency to for. aggregates 
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could b. readily removed fro. suspension by cer.crlfug.clon ac 
1000 x g. and which .vldly coat surface, such a. ultrafller.tlon 
m^ram... thl. .PP.". to r.aulc fro. ch. r.ducclon In 
eonc.ncr.clon of .lbu»ln or och.r ..rum proc.ln (ordinarily pr...nc 
in Ch. crud. pr.p.r.clon) co . p.rclcul.r l.v.l. below which Ch. 
crunccd .nclg.n no longer tmU. .olubl.. Thl. phenomenon 
.pp..r« co b. .ggr.v.c.d by .xpo.ur. of ch. CI* .dh..on co low pH 
« .bout P H4). A. . r..ulc. ..p.r.cion procedure, (p.rclcul.rly 
the. ch*c employ .eld .ludon. .uch Immuno.ff lnlcy) .hould b. 
modified .o ch.c ch. elu.ee 1. maintained .C or l».dl.c.ly 
recumed co. abouc n.ucr.llcy. Furch.r. . .urf.ccanc. «.g. • 
dec.rgenc .uch a. Tween 80. .hould b« Included wlch Ch. .nclg.n 
during che sep.r.clon procedure. The final purified produce will 
be scblllzed with . predecermlned proceln .uch .s albumin, .nd/or 
a detergent. 

The purified edhe.on Is formulated into convencional 
pharmacologically acceptable exclplencs. 

It If adalnl.cered co pacl.nes having HIV Inf.cclon ac a 
dosage capable of malnealnlng a concentration of greater than aboue 
100 ng of soluble CD4 adheson/.l plasma. For CD4 adheson variants 
having dlfferenc noleeular welghcs. abouC 2 plcomole. of soluble 
recepcor per .1 of plasma will be lnlclally evaluaced clinically In 
order co escabllsh a scolchlomecrlc equivalence wlch native 
(membrane bound) and soluble receptor. The ordinary dosage of 
soluble COfe Is 100 MgAg of patlenc welghe/day. 

The cherapeuclc CD& variants are employed with oth.r 
therapies and agents for the tre.cmenc of AIDS. Including AZT. 
neuerallzlng anclbodles and lmmunocycocoxlns. gpl20 fragmencs and 
vaccines. 
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ln order to facilitate understanding of tho following 
examples certain frequently occurring methods and/or terns vtll bo 
described. 

•Plasnlds" are designated by * lower case p preceded and/or 
followed by capital letters and/or numbers, the starting plesnids 
herein ere olthor commercially available, publicly available on on 
unrestricted basis, or con bo constructed from ovolloblo plasaida 
In accord with published procedures. In addition, equivalent 
plesnids to those described aro known In tho art and will bo 
opparont to tho ordinarily sklllod artisan. 



■Digestion* of DHA refers to catalytic cleavage of tho DHA 
vlth a restriction enzyme that acta only at cortaln sequences In 

15 tho DHA. Tho various rottrictlon enzymes used horoln aro 

coam> trclally avallablo and tholr roactlon conditions, cof actors and 
othor requirement* were usod as would bo known to tho ordinarily 
sklllod artisan. For analytical purposes, typically I »g of 
plasald or DMA fragment Is usod with about 2 units of enzyme in 

20 about 20 pi of buff or solution. For tho purposo of Isolating DHA 

fragments for plasald construction, typically 5 to 50 »g of DHA aro 
digested vlth 20 to 250 units of enzyme In a larger volume. 
Approprlato buffors ond substrato amounts for particular 
roscrlctlon enzymes aro spoclflod by tho nanufacturer. Incubation 

25 tines of about I hour at 37 % C aro ordinarily usod, but nay wary In 

accordance with tho supplier's Instructions. After digestion the 
reaction Is electrophorosed directly on a polyacrylanlde gel to 
Isolate the desired f regnant. 

30 -Recovery" or •Isolation* of a given fregnent of DNA froa a 

restriction digest means separation of the digest on polyacrylanlde 
or agarose gel by electrophoresis, identification of the fragment 
of Interest by comparison of its nobility versus that of marker DHA 
fragments of known molecular weight, removal of the gel section 

35 containing the desired fragment, and separation of the gel from 
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Aelcto »•• I: '°" l»»°)>- 

. 0 . ph o. P hor jl .cl.n- ..£... » th. »« *• t.»l«.l 

fragment It gel purified. 

-Ligation- refer. to che proc... of forcing pho.phodle.r.r 
D ond, between cvo double .trended nucleic acid fragment. OUni.ti.. 
T « 14. « 146). ML— othervl.. provided, ligation «y be 

. CCOBp U.h.d uelng known buffer, and condition, with 10 unit, of T* 

DMA Ug..e CllM"') f « 05 « ° f ^"^^ •« UU ° Ur "° Un " 
of the DNA fr.gaent. to be llg.ted. 

■Filling- or -blunting- refer, to th. procedure, by which 
the .ingle .trended end In th. cohe.ive ter-lnu. of . r..trictlon 
.nzy-.-d.^.d nucleic acid i. conv.rt.d to . doubl. .tr.nd. Th . 
.li.in.te. th. coh..iv. cr-inu. end form. . blunt end. Thi. 
proc... 1. . v.r..til. tool for converting . r..trlction cut .nd 
th.t M y b. cob..lv. with the .nd, cr.at.d by only on. or . f.v 
other r..triCtion enzy-e. into . t.finu. cowp.tibl. with .ny 
blunt-cutting r..triction endonucl...e or other filled cohe.iv. 
ter-lnu,. Typically, blunting 1. .ccompll.h.d by incub.ting 2- 
15„g of the t.rget DSA In 10»n MgCl 2 . I* dlthiothr.ltol . 50-M 
N.C1 lOaM Tri. (pH 7.5) buffer .t .bout 37'C in the pre.ence of 8 
unit, of the Klenow fragment of DNA poly».r.,« 1 .nd 250 mM of e.ch 
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of the four deoxynucl.o.ld. triphosphates. The Incubation 
generally 1. terminated after 30 mln. phenol and chloroform 
extraction and ethanol precipitation. 

The following examples merely Illustrate the beet mode nov 
contemplated for practicing the Invention, but ahould not be 
construed to limit the Invention. 

Baaaala 1 

Bnr1 y mu and SaSUUad Derivative 

faction 1 

pi„ B id used for recombinant synthesis of human CD4 was 
pSVeCt*DHF*. The plesmld was constructed as follows: 

ACD6P1 contsining most of the coding sequence of human CD4 • 
(obtained from a human placental cDNA library ualng ollgonucl.otlda 
probes based on the published sequence (Maddon ec al. 1985)) was 
digested with EfiflRI to produce the cDNA insert. This fragment was 
recovered by polyacrylamlde gel electrophoresis (fragment 1) . 

pUCie was digested with EscRI «>d the single fragment 
recovered by polyacrylamlde gel electrophoresis (fragment 2). 
Fragment 1 was lig.ted to fragment 2 and the ligation mixture 
transformed Into £. coll strain 294. The transformed culture was 
plated on amplclllin media places and resistant colonies selected. 
Plasmld DHA wee prepared from tranaformants and checked by 
restriction analysis for the preeence of the correct DHA fragments. 
This plasmid is referred to as pUCCt*. 

pSVeE'OHFR (Muaslng ec al. . Cell ifi:691-701 (1987]) was 
digested with KfiOl end fianHI and blunted with t. coll DHA 
polymerase 1 (JClenow fragment) and the four dHTPs. Fragment 3 
containing the pKL-Amp r region. SV40 early promoter, the HIV LTR. 
and the mouse DHFR gene was recovered by gel electrophoresis. 
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r..l.t»c «.1-IM ..l.«.d FU-U DHA ... pr.p.r.d *«- 

... W „ b. . £ «r - ..r ly 

p„»«.r »d — « — ' «' " U " 1 »» 
inco an appropriate cell line. 

Synthetic oligonucleotide, (adaptors 1-8. below) v.r. -de 
co extend fro- 76 bp 5' of the initl.tion codon of CW translation 
to the EttI restriction sit. at 121 bp 3' of the Initiator, with 
che sequence AATT at the 5' end of the sense strand to generate an 
end which could lig.te to an fctfRl restriction fragment. These 
oligonucleotides were lig.ted and the 204 bp fragment containing • 
che entire sequence recovered by gel electrophoresis (fr.g-.nt 4). 

CD4 adaptor 1: AATTCAACCCCAGACCCCTGCCATTTCTGTCGCCTCACGTCCCT 
CD4 adaptor 2: pACTCCTCACCCCCTTCCTCCCTCWCAAWCC^CAATGAACCCCCCACTC 
CD4 adaptor 3: pCCTTTTAtWCACTTOCTTCTCCTCCTCCAACTGCCCCTCCTCCCACC 
CD4 adaptor U: 

pACCCACTCAGCCAAACAAAGTCCTCCTCKWCAAAAAACCCGATXCACTCCAACTCACCTCT 
CD4 adaptor 5: pACACCICACTTCCACTCTATCCCCTTrTTTCCCCACCACCACTTTGTTTCC 
C04 adaptor 6: pCTCACTCCCTCCTCCCACCACCCCCACTTCCACCACCACAACCAACT 
CD4 adaptor 7: pCCCTAAAACCCACTCCCCCCTTCATTCTCGCCTTGCCGACCGACCAAGCC 
CD4 adaptor 8: CCTCACCAGTAGCGACCTCACCCCACAGAAATCGCAGCCCTCTCCGCTTG 

pUCCOi wa. dlg.ated with &ul *«» S" 1 » nd 401 bp 

fragment containing part of the CD4 coding ..quence recovered by 
gel ei.ctrophore.ls (fragment 5). puC18 was digested with 
and Sitl and the fragment comprising the bulk of the pUnld 
recovered by gel electrophoresis (fragment 6). Fragments 4 and 5 
w.r. ligat.d to fragment 6 and the ligation mixture transformed 
into £. coll strain 294. The transformed culture wa, plated on 
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eapicillln aedia pltcts And resistant colonial selected. Plasmid 
DKA was prepared froa tr ans f oraants and checked by restriction 
analysis for the presence of the correct fragaent. The sequence of 
the inserted synthetic DNA vss checked by excising the 605 bp 
EcoRI-SstI fragments froa several transformsnts and ligating thea 
to K13apl9 which had been digested with the saae enxyaes. After 
trans foraation into £. coli strain JM101, single -stranded DNA vas 
prepared and sequenced. One plesmid which contained the correct 
sequence was selected, and is referred to as pCDAint. 

pCD4int was digested with ficj&Rl and Si£l fragaent 7 

containing the 5' end of the CD4 coding region was recovered by gel 
electrophoresis. pUCCD4 was digested with £i£l and fiaaHI and the 
1139 bp fragaent containing the reaainder of the CD4 coding region 
(fragaent 8) recovered by gel electrophoresis. 

pSVeABKDHFR was digested with Eco RI and fcamHI and fragment 
9 coaprising the bulk of the plasaid was isolated. Fragments 7, 8 
and 9 were llgated and the ligation mixture transformed into £. 
coli strain 294. The transformed culture was plated on aapicillin 
aedla plates and the resistant colonies selected. Plasmid DNA was 
prepared froa transformsnts and checked by restriction analysis for 
the presence of the correct fragaent. This plasaid. is referred to 
as pSVeCDADHFR, and was used to direct synthesis of recoablnant 
intact CD4 . 



Section 2 

A plasaid was constructed to direct the synthesis of a CD4 
derivative lacking the putative transmembrane domain and most of 
the putative cytoplasmic domain (Kaddon ec al . ) . This was done 
with the intention of creating a secreted form of CD4. based on the 
assumption that these domains anchor the CD4 glycoprotein to the 
cell membrane, and that their deletion would result in the 
secretion of the product. This plasaid is referred to as 
pSVeCDtANleDHFR and was constructed es follows: 
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pUCCD4 was digested with and lAfll *nd the 531 bp 

fragment (fregaent 10) recovered. pUCCD4 wti digested with HleJII 
end lAfll *nd the 112 bp fregaent (fregaent 11) recovered. pUCCW 
5 vas digested with BamHI end HIaIII end the 301 bp fregaent 

(fregaent 12) recovered. pCD4int wee digested with SnI and flflaHl 
end fregaent 13 comprising the bulk of the plasmid recovered. 
Fregments 10, 11. end 12 were ligated together with fregaent 13 end 
the ligetion mixture transformed into £. coll strain 294. The 

10 transformed culture was plated on amplclllln media plates and 

resistant colonies selected. Flasmid DNA was prepared from 
transformants and checked by restriction analysis for the presence 
of the correct fregment. Plasmid DNA from several transformants 
vas sequenced to ensure that the 195 bp Nla lll fregment had been 

15 deleted end that the proper reading frame was restored. The 

resulting plesmid is referred to as pCD4ANle. 

pCDA&Hla vas digested with Eco RI and fiflmJHI end the 1541 bp 
fregaent containing the sequence of a CD4 derivative lacking the 

20 transaembrane and cytoplasmic domains recovered (fragaent 14) and 

llgated to fragment 9 and the ligation mixture transformed into £. 
coll strain 294. The transformed culture was plated on amplclllln 
media plates and resistant colonies selected. Plasmid DNA was 
prepared from transformants and checked by restriction analysis for 

25 the presence of the correct fragment. This plasmid is referred to 

as pSVeCDAANlaDHFR . 

Both pSVeCD4DHFR and pSVeCL>4ANlaDHFR were transfected into 
CH0 cells by the same method used to establish cell lines stably 
30 expressing KTV-1 polypeptides (Mueslng, Smith and Capon, Cell 

£g:6910701 (1987)). These cells were assayed for production by 
radlolmmunoprecipltatlon es described below. While no product was 
detected in initial experiments, subsequent experiments shoved that 
the above described coding segment could indeed direct the 
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synthesis of s soluble CD4 adheson variant both in CHO and 293 

cells. 

Section 3 

5 A different expression system was initially used for the 

synthesis and expression of a CD4 variant lacking couple tely the 
cytoplasmic and transmembrane domains. This system uses the 
cytomegalovirus promoter and can be used in cultured cells of human 
origin. The first plasmld constructed for use in this system 
10 contained the entire coding region for CD4 and was intended to 

function as a control in the following studies. It is referred to 
as pRXCD4, and was constructed as follows: 

pSVeCD4DHFR was digested with EcoRI and fiaaHI and fragment 
15 containing the entire CD4 coding region was isolated. pRX5 
(U.S. S.N. 97.472, filed Sept. 11. 1987) was digested with fitfiRI and 
FUmH l and fragment 16 comprising the bulk of the plasmld recovered 
by gel electrophoresis, ligated to fragment 15, and the ligation 
mixture transformed into E. coll strain 294. The transformed 
culture was plated on ampicillin media plates and resistant 
colonies selected. Plasmld DNA was prepared from trans foments and 
checked by restriction analysis for the presence of the correct 
fragment. This plasmld is referred to as pRKCD4. 

25 Section 4 

The next plasmld constructed was designed to direct the 
expression of the above-mentioned (Section 3) secreted derivative 
of CD4. The coding region of CD4 was fused after amino acid 
residue 368 of mature CD4 to a sequence from pBR322 which codes for 
30 9 more residues before a translation termination codon. This 

removes the putative CD4 transmembrane and cytoplasmic domains, 
which are presumed to enchor CD4 to the cell surface. The plasmld 
is referred to as pRKCD4T (and which produces protein called CD4T) , 
and was constructed as follows: 



15 
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pSVeCD4DHFR vu digested with Ue*II. blunted with Klenov 
fragment end the four dNTPs. and digested with £a£EII. The 382 bp 
fragment (fragment 17) containing pare of the CD4 coding aaquance 
was recovered by gel electrophoresis . pSVeCD4DHFR was digested 
with EcoRl and fisJEEII and the 874 bp fragment (fragment 18) 
recovered. pBR322 was digested with Hind lll , blunted with Klenov 
fragnent and the four dNTPs . and digested with EcoRI . Fragment 19 
comprising the bulk of the plasmid was isolated and ligated to 
fragments 17 and 18 and the ligation mixture transformed into £. 
coli strain 294. The transformed, culture was plated on amplcillln 
media plates and resistant colonies selected. Plasmld DMA was 
prepared froa transformants and checked by restriction analysis for 
the presence of the correct fragment. This plasmld is referred to 
as pCD4Tint. 

pRK5 was digested with EcoRI and Sma l and fragment 20 
comprising the bulk of the plasmld isolated. pCD4Tint was digested 
with EspRI and ££©RV and the 1410 bp fragment containing the CD4 
coding sequence to the 1)^11 site at 1176 bp 3' of the initiating 
codon and the 154 bp Hindlll-gc^RV fragment of pBR322 was recovered 
(fragment 21). Fragments 20 and 21 were ligated and the ligation 
mixture transformed into £. coli strain 294. The transformed 
culture was plated on amplcillln media plates and resistant 
colonies selected. Plasmid DNA was prepared from transformants and 
checked by restriction analysis for the presence of the correct 
fragment. This plasmid is referred to as pRKCD4T . 



30 



Section Sa 

In order to create a secreted form of CD4 which could be 
purified with an antibody directed to herpes virus type I 
glycoprotein D. e plasaid was constructed to express a derivative 
of CD4T in which the region coding for the mature, processed CD4T 
polypeptide was fused to a sequence coding for the signal peptide 
and the first 27 residues of the mature type I Herpes Simplex Virus 
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gD glycoprotein. Thii plesmld is referred to as pRKGDCD4T. end wee 
conetructed es follows: 

pgDTruivc . DHFR wes dlgeeted with £c£RI end £vull end the 
5 fregment conteining the coding region for the eignel peptide end 

first 27 reeiduee of the meture HSV I gD glycoprotein wee ieoleted 
(fregment 22). pRXCD4T wee dlgeeted with EfioRI end fialEII end 
fregment 23 conteining the 3' end of the CD4 coding sequence end 
the pRJC5 region was ieoleted. 

10 

Synthetic oligonucleotides GD (edeptors 1-2. below) 
conteining the coding sequence of CD4 from the codon for the amino 
terminal residue of mature CD4 to the BA1 **ce *t 121 bp 3* of 
trensletion Initiation, and containing the sequence CTCCTCGAC et 

lb the 5' end of the sense strend were prepered (fregment 24). pRKCD4 

was digested with * nd £&££I1 end the 665 bp fregment 

conteining pert of the coding region for CD4 wes recovered 
(fregment 25) end ligated to fragment 24. After digestion with 
RatEII to eneure thet only monomer! c fregment wes present, the 724 

20 bp fregment conteining both eequences wee recovered by gel 

electrophoreeis (fregment 26). 

Fregments 22. 23 end 26 were ligeted end the ligetlon 
mixture trensformed into £. coli streln 294. The transformed 

25 culture wes pleted on emplclllin medle pieces end resistant 

colonies selected. Pleemid DMA wes prepered from trensformants end 
checked by restriction enelysis for the presence of the correct 
fragment. The sequence of several trensformants wes checked to 
ensure that the synthetic insert wes correct end thet reeding frame 

30 was preserved. This plesmld is referred to es pRXCDCD4T. 

These pRX5 derived plesmids preferably were trensfected 
into 293$ cells for stable expression eccording to Mueslng, et el. 
Cell 4&:691 (1987)' with the exception thet in eddltlon to the 
35 plesmld of Interest e plesmld expressing the neomycin resistence 



WO 89/02922 



PCT/USS8/03414 



10 



-37- 

g . n . p*SV „.o (Cor«n .c .1- Sci.no. 221:553-555 (1985)) ~« 
295 ell. .Uo «. — cheerily « 

cells 2 fay. .fcr cr«uf.«lon. th. c.ll. v.r. p...*ged l«f 

,c.nd,rd -df d:l FU/DKE .uppl.-.ncd with L-gluclne. 
enicUa,.:^ - 10. FBS) 0.5 -g/.l «1I 

Lf.ce; Clbco) for ..l.ccion of .col. c.ll lin... r.th.r *. In 
„.dl. concinlng -thotr.x.t. .. .hovn by Ku..lng .t .1. C.ll. 
„. r . ....yd for production of CD* or CD4 .n.log. by cdioi-uno- 
pr.cipicclon. Binding .cudi.. (cction 5c) u..d conditioned 
.up.rn.cnt. fro. th... c.ll. in th. 1:1 F12/DKE ».di«- 
M.t.ri.1. u..d in infectivlty ....y. Cction 5b) v.r. obtained .. 
de.cribed in section 8 below. 



15 



gDCD& «d.ptor 1: 

ctcctcgaccaccgaaacaaagtcctcctggccaaaaaacccgatacactggaactcac 



gDCD^ adaptor 2: 

pACAGCTCAOTCCAOT^ 



20 



25 



30 



35 



The following con.titut.. • .tudy of th. n.utr.iiction of HIV-1 
Inactivity by .olubl. CD4 .n.log«. A .odiflc.tion of th. 
neutr.lictlon proc.dur. of Rob.rt-Curoff .t .1.. H.tur. 51*: 72 
(1985) v.. follov.d. Eou.1 volu... of inhibitor .up.rn.cnt .nd 
viru. (60 .icrolicr.) w.r. incub.t.d .t 4 degree. C for 1 hour. 
ch.n th. volu- of H9 (Clio t .1.. Sci.nc. 22*: 500. 1984) .t 

5xl0 6 /al v.. «dd.d .nd incub.tlon contlnu.d for 1 hour .t 37 
d.gr... C. Following .b.orptlon. 2.5xl 0 5 C . U . in 150 -Icrolicr. 
v.r. tr«.f.rr.d to 2 .1 of incub.tlon -dl.. Afcr 4 «Uy. .t 37 
d.gr... C the culture, v.r. .plit 1:2 with fr..h -di. .nd 
Incub.c.d for .n .ddltion.1 3 d«y.. Culture. v.r. h.rve.t.d. 
revr.. tr«.crlpc. .ctlvity v.. »...ur.d (Croop««n .t .1.. AIDS 
R....rch .nd Hu»«n R.troviru... 1:71. 1987). .nd Imunofluore.c.nce 
r..ctlvlty with HIV-1 po.itlv. ..ru» w.. det.rain.d .. described 
(Poie.r et .1.. Proc . Ac.d. N.t. Scl. USA 21:W5. 1980). 
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r.nr. w.r. obtained froa confluent plat, cultural 

it .. - *• — — ° £ j - , ^ i r> 

«- mo e.ll. »»»»ved In the ••». .ysten. 
.train WLV-XXXB grown In H9 c.ll. ""^ 
meub.tlon ».di. con.i.t.d of RPK1 1640 «dU containing 
g lut«lne. 100 unit./«l penicillin. 100 .icrogr«./.l .crepto^cln. 
2 Bl crogr«s/.l polybr.ne «« 20% fetal calf ..n» 
Bloproducts) . 



Tabla 3 



Inhibitor 



mock- trans- 
fected 

mock- trans - 
fected 

CD4T 

CD4T 

gDCD4T 

gDCD4? 



Dilution of 

Inhibitor 

SuafilDAmiS 


Indirect Reverse 
a — uno fluorescence transcript 

fit Bsiiaa Cft i ls — LsmZal a- 




undil.; 1:4 


65.3 


65.5 


21 


.8 


23 


.9 


undil.; 1:4 


61.2 


61.1 


18 


.5 


28 


.1 


undll.; 1:4 


0.4 


18.0 


0. 


11 


5. 


94 


undll.; 1:4 


0.8 


16.1 


0. 


15 


3. 


72 


undil.; 1:4 


0.4 


26.8 


0. 


14 


9. 


92 


undil.; 1:4 


1.4 


36.1 


0 


.23 


11.3 



60 



Both for*, of soluble CD4 virtually aboll.h.d th. growth of 
HIV-1 when incub.c.d with viru.-lnf.cted c.ll. without prior 
dilution (Table 2). At a dilution of 1:4 th. eoluble C04 
pr.per.tlon. w.r. only partially effective in inhibiting vlru. 
growth, however the level of fluor..c.nt-po.ltlv. c.ll. and r.v.r.. 
tr.n.crlpt... w., .till .ignlficantly lower than culcur.. r.c.lvlng 
M ek tr«.fct.d cell .up.m.t.nt. (T.bl. 2). Since there v., no 
.ignlficant difference in viru. growth becv.en diluted «* 
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control ^ - «* - * rir" 
«.mt th. S rovth of «nln£.ct.d H9 c.U. (data not .hovn) . .olubl 
.ff.ct the gro th .^.^^t. v.r. concluded to b. 

CD4 prot.in. pr...nt In th... .up 

r .,ponaibl. for th. n.utr.llz.tlon of HIV-1 Infection of H9 coll.. 



10 



15 



20 



25 



30 



35 



To determine th. affinity constat for interaction, betv.en 
„!* an- CD* or CD* variant.. ..turatlon binding an.ly.1. J 
farrl.d out with .olubl. CD* « - 
"tl CD. -c -I- -I ».» C1W» ^ 

r . d iolodln.ted gpl20 lab.l.d with leecop.roxid... Binding 
reactions consisted of »*X.«P120 O ng to 670 ng. 2.9 nC /ng) 
ln cub.ted for 1 hour .t 0 degr... C with c.U ly.at.. containing 
Let CD* (U.V.y et .1. . -t-^O or c.U 
containing unlabeled COAT or gDCDAT prepared a. de.crib.d to 
section 5. Reactions (0.2.1) had . final composition of 0.5X 
KcDougal Lysis Buffer (MeDU) d * McDL* concainsO.5 » Nonidet HF- 
.0 0 2% Sa deoxychol.ee. 0.12 H N.C1. 0,02 H Tri.-HCl. pH 8.0) and 
v.re perfor-ed in duplicate, both in th. pre.enc. or eb..nc. of 50 
microgram, of unlab.l.d purified gpl20 (74 fold or greater .xc.) . 
Following incubation. bound gp!20 v.. qu.ntit.t.d by 
i^unoprecipltation and counted in a gamma counter For 
^precipitation, binding reaction .olutiona -ere pr.ab.orbed 
vith 5 microlit.r. of normal rabbit for on. hour at O'C. «d 

cleared vith 40 microlit.r. of Fansorbin (10 % v/v, C.lbloch.m) for 
30 .inute. at 0 degree. C. Sampl.. v.r. th.n incubated overnight 
.t 0 degree. C vith 2 mlcrolic.rs of normal ..rum or 5 microliter, 
(0 25 mlcrogr.m) of OKI* monoclonal antibody (Ortho) follo-.d by 
collection of is-un. complex., vith 10 microliter, of Fansorbin. 
Frocipitat.. v.r. v.h.d tvic. in IX McDLB and one. in v.t.r. th.n 
.lut.d by .luting at 100 d.gr... C for 2 minut.. in .ample buffer 
(0 12 K Tri.-HCl pH 6.8. 4% SDS. 0.7 M merc.ptoethanol. 20% 
glycerol, and 0.1% bromophenol blue). CD4 molecules vere bound 
..turably by gpl20. and yielded a .impl. «... action binding curv.. 
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•eek-eramfaecd c.ll. g*ve . l«vel of 



from aocx-tr«n.iec.« » 

J, V« X 1 . 10-' «. CO . W' H - 0.7! . W H t« 

•« »«• "-»«-- °» ~ , *° ie e,u * 

x 10* 9 M. Usky. Cell. fiUBXA) • 



Suction S 



I, order to produce secreted deriv.tiv.s of CD4 which .re 
free o£ excren.ous «l«o .eld re.ldu.,, two pl«.i<U -r. 

. ,„ ,03 -in. The plasBid* contain CI* 
constructed for expr.s.lon In 293 cell.. 

g .nes vhich h.ve heen trunc.C.d without the eddition of extre 
residues, end .re referred co .s pUCDURU end pRKCD4TP (— 
produce proteins celled CD4TP end CDttfU) . ™d were constmct.d .. 

follows: 

Fr.g»e«t 14 confining the CD4 gen. with the 195 bp BtfXX 
re.trictlon fr.g.ent deleted v.. lig.t.d to fr.g-nt U. which I. 
pRXS digested with fe*! «d »*X • The Ug.tion .ixcux. w~ 
tr.nsfor.ed into E. coll str.ln 294. the tr.nsfor.ed culture pl.t.d 
on ..picillin ..die pUte. end r.sist.nt colonl.s ..l.ct.d. 
Pl.s.id DNA w.« prep.r.d from tr-nsfon-nc. — checked by 
re.trictlon .n.lysi. for the pre..nce of the correct fr.g-ent. The 
resulting pl.«ld 1« referred to es pRKCD4ANle. 

Synthetic DNA (5'CCT CAT ACA ACC TTT CTA CAC 3') w.s -d. 
to .tt.ch to the Hb.II sic .t U76bp .nd which wh.n so .tfched 
would ter.ln.te cr.n.l.tion .ft.r «lno .cid residue 368 of ..cure 
CD4 (fr.g»ent 27). The other end of this fr.g-ent we. designed to 
llg.t. to aaDHI restriction fr.g».nts. P UCCD4 w.s digested with 
Mil end HMII «d the 382bp fr.g»ent cont.lnlng p.rt of the CD4 
g .n. we, recovered (fr.g..nt 28). Fr.g».nts 27 .nd 28 were lig.t.d 
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29). 

pB XCD4 «, dlg.st.d .1th fclll «d fi^Hl .nd the fr.g-.nt 
co.prl.lng th. buU of th. pU«id (fr.g-.nt 30) «.. LoUt.d »d 
J. to fr.g-.nt 29. The llg.tlon .Ixture v.. — « 
" eoll str.lr. 29a. che tr.nsfor.ed culture pl.t.d on -plcllli. 
dl pl.t« and r.sl.t.nt colonle. ..Lct.d Pl~-id DNA v.. 

ZSZ — . - — * — — -r^: 

L presence of the correct fr.g-.nc. The re.ultlng pU.-id 
referred to .s pRKCDATP . Both pl.sfflld, .re tr.nsf.ct.d Inco 293 
cells to gener.ce .t.ble v.ri.nt CI*-expre,slng cell Unes .s 
described above. 



15 



Two pl.«lds -ere constructed to direct the expression of 
.•cr.c.d CI* l.cklng extr«.ou. «i«o .eld r.sldu.. In CHO cell.. 
These .re referred to .. pSV.CI^l.SVDHF* «d pSVeCD4TPSVDHFR («d 
vhlch encode protein, h.vlng th. priory .eou.no. of CD4AN1. .nd 
CD4TP). *nd were constructed .s follows: 

p£348HBV.E400D22 w.. dlg..t.d with tail .nd SfiftRl .nd th. 
25 fr.g-«nt cont.inlng the SV40 ..rly pro-ot.r .nd p.rt of th. f- 

—a /fr.tm.nt 31) pE348HBV.E400D22 »« 
lecuffl.se gene w.s recovered (fr.gn.nt 11). pe»» « 

digested with £a»I .nd BjfflHl .nd th. Urge fr.g-ent confining th. 

b.l.nc. of th. * Let.-... gen U ~ the SV40 ..rly pro-ot.r 

•nd the DHF* gene w.s l.ol.ted (fr.gffl.nt 32). 

Fr.gffl.nts 31 .nd 32 w.r. Ug.t.d together with fr.gffl.nt 14 
and trensfonsed Into f. coll str.ln 294. The tr.nsfor«ed culture 
v.. pUted on -piclllln -dl. pUt.s .nd r..lst.nt colonl.s 
.elected PU««ld DNA w.s pr.p.r.d fro. tr«isfor-.ncs .nd chocked 
35 by r.strictlon .n.ly«ls for th. presence of the correct fr.g»«nt. 
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ThU 



ttolecul* found In cne 
(Section 2) . 

PKXCD4TF dlg..c.d with ferfX «d u*X «d th. fr.g-.nt 
-uT^ trunc.fd CD. coding r.glon ~ i.ol.cd «- Ug.t.d 
confining th. t WM tr . Mfera .d Into 

: f :rz>: i - J- — r * — rr: 

dl. ol.t.. «d r..l.t«t colonl.. ..l.ct.d. FU-U OKA 
Z'SZ .nd ch.O.d by —lotion -*.U «« 

L pr...nc. of th. corr.ct fr.gn.nt. Th. r..ultlng oU»U 
r .f.Ld to PSV.CO.TPSVOHFK. Both of th... «* 

Ln,f.ct.d into CHO c.U. .nd -plifU- tr.n.f.ccnt. ..l.ct.d by 
».thotr.x.t. using convntlon.1 proc.dur... 

p.Ti p»pl€ 2 

Fusion, of th. V r.glon of th. CI* g.n.. vhlch I. 
ho-logou. to th. v.rl.bl. r.glon of l»unoglobulln g.n.. 
Hsddon « .1. 1985). to th. con-cnt (C) r.glon of hu«n 
iB.unoglobulln « «d j2 ch.ln. .r. con.cruct.d .. follow.: 

S ynth.tlc DHA 1. -d. to cod. for th. C r.glon of hu»« « 
ch.ln (r..ldu.. 109-214) b«.d on th. ..,u.nc. publl.h.* .by Hot In 
« .1 Proc. H.tl. Acd. Scl. fi2:7025-7029. with th. .ddltlon .t 
th. v'.nd of th. coding .cr-nd of th. ..qu.nc. CCCC. which .How. 
thl. fr.g~nt to b. Ug.t.d to th. a«KI .it. .t th. .nd of th. 
put.tlv. V.Uk. r.glon of CD4. At th. 3' .nd of th. coding r.glon 
. cr.n.l.clon.1 .top codon 1. .dd.d .. v.U . *** 
.llov. thl. .nd to b. Ug.t.d to a«Hl r..trlctlo« fr.gn.nt. Th. 
.ynth.tlc ONA 1. ~d. In 8 fr.gn.nt.. U tor ..ch .tr.nd. 70-90 
b.s.. long. Th... .r. th.n .Uov.d to .n«..l .nd Ug.t.d prior to 
l.ol.tlon on . poly.crylmld. g.l (fr.gn.nt 33). 
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fr.8».nc confining * J4) pr.pwnt. 33 end 34 ere 

4- „f CD4 la recovered (fregnent J* J. "6- 

rr'C- - — » sLTjrr^ r.;i 

pRKCD^Ck. 

A P la„U encoding a fusion of the CI* V-11H. domain to the 
hu _ .HogXoouUn C,2 region 1. constructed In a « 
huM n tf pRK CD4C-,2. Both of thee. »ta»ld> 

fa.hlon. and 1. referred ^ ^ ^ 

B olecules «» de.crlbed above. 

fl y nam! C 3 

««« «— »■ «» »— •*« u r n 

, iai «« « ,H3 c.»^nl„. t— » <«•» - " 
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g DCD4T I. th.n concentrated by ultrafiltration end 
dialyx.d/dlafilt.r.d to .xchang. ch. buffer for a physiological 
.elt aolutlon containing T-een 80 at approximately 0.1* -/v. 

If the detergent 1. not present th. gDCD4T form, aggregate. 
„ evidenced by the ebility of c.ntrifug.tion et epproxlmat.ly 
10 000 Xg for 2 minute, to remove the gDCDAT fro. th. .olution. 
Incubation of gDCWT .t 4'C in 0.1H .odium .c.t.t.. 0.5M N.C1 .nd 
0 25K trl. .t pH 7 tog.th.r with BSA. Tv..n 80 or glycerol a. 
candidate .t.blllr.r. showed that, in th. ab..nce of . .tablliz.r 
th. gDCD4T gr.du.lly eggr.g.t.d over th. .p.c. of 12 day. to th. 
point where only .bout 60-70% of th. protein we. .olubl.. However, 
use of 0.1% w/v Tween 80 or (0.5 mg/ml BSA ensured that about 100% 
or 80%. respectively, of th. gDCDAT remained .olubl. ov.r thi. 
period. Surprisingly glyc.rol w.s ln.ff.ctlve a. a stabilizer and 
produced re.ult. Inferior even to the control- at 8 day. about 80% 
of th. gDCD^T w.s aggregated when stored In the presence of 
glycerol. 

Plasmld. w.re constructed to direct the expression of 
protein, cont.inlng diff.rlng l.ngth. of the *aino- terminal, 
extracellular doaein of C04 fuaed to the constant region of hu«n 
Inmunoglobulln 7 1- The., plesalds ar. r.f.rr.d to a. pRKCD4 2T l. 
pRKCD4,4 7l . pRKCD4 27l . pWCCOA,2 7 l- P"0*1t1« and ***<X**lyl- 

PUsaid pRKCD4 fc7 i contains th. portion of th. CD4 gene from 
the initiation codon to the fuaion «tt. aft.r th. codon for ..rin. 
reside 366 of the matur. C04 polyp.ptid.. iaa.di.t.ly followed by 
th. ..qu.ne. coding for th. constant r.glon of hua.n lMunogiobulin 
7 l. starting at th. codon for s.rlne re.ldu. 114 of aature human 
tmunoglobulln yl (Kab.t et .1.). 



35 



Pla.ald pRKCD4.i, 7 i cont.lns the portion of the CD4 gene 
froa the lnltl.tlon codon to th. fu.lon .It. .ft.r th. codon for 
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10 



15 



ly.ln. re.idu. 360 of the -cur. «* polypeptide, Imm.dlately 
followed by the eequenc. coding for the constant region of human 
Immunoglobulin Tl. ««ting «t the codon for eerln. re.idu. 114 of 
..cure human Immunoglobulin 7 1 (K*b.t ec el.). 

PU..ld pRKC04 27l contain, the portion of the CD4 gen. fro. 
the initiation codon to the fusion .it. eft.r the codon for 
glutemln. re.idu. 180 of th. m.tur. CD4 polypeptide, i-edi.t.ly 
followed by the .equence coding for th. conatant region of human 
immunoglobulin t1. -«rting et th. codon for e.rlne re.idu. 114 of 
Mture human immuno globulin t1 (Kab.t at al.). 

Flasmld P RXCD4.2 7 1 contain, the portion of the CD4 gene 
fro. the initietion codon to th. fusion .it. eft.r the codon for 
leucine r..idu« 177 of th. mature CD4 polyp.ptide. immedl.tely 
followed by th. .equence coding for the constant region of human 
iBBunoglobulln ,1. et.rtlng at the codon for ..rln. re.idu. 114 of 
MCU re humen Ununoglobulln 7 1 (Kab.t ec al.). 

Ples.ld pRKCD4 l7l contain, th. portion of th. CD4 gene fro. 
the initietion codon to th. fuaion ait. aftar th. codon for 
sspertlc acid reeldue 105 of th. mature C04 polypeptide, 
lamedietely followed by the aequence coding for the conatent region 
of human Immunoglobulin tL atartlng at the codon for eerlne 
25 ra.ldue 114 of utur« huaan Immunoglobulin 7I (Kabat at al.). 

Plaaald pBXCD4 #l7l contalna the portion of the CD4 gene 
fro. the Initiation codon to the fuaion alte after the codon for 
leucine realdue 100 of the mature C04 polypeptide, immediately 
30 followed by the .equence coding for the con. cant region of human 

Immunoglobulin 7I. atartlng at the codon for ..rln. r.aldu. 114 of 
nature humsn immunoglobulin t1 (Kab.t ec al . ) . 
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Con.crueclon of eh... 1* r.ouir.d ch. prior 

eonscrucclon of pl.«W pRK«*TP/-,l - It w., con.cruccd 
follows: 

A cOMA clone coding for huwn i«unoglobulin ,1 
obc.ln.d fro. . hu~n .,l«n cDHA libr.ry (Cloncch Ubor.cori... 
lne , ulB| oligonucl.oclde. b M .d on che publl.h.d ..ouonc. 
<EUl .on ec 'H-cl. Acid, Re.." ^4071-4079 (1982,). .nd « 

E^Rl-t^I fr.g-.nc (ch. EfiflRI •!« v.. concrlbuc.d by . Unk.r; 
.e. Fig. 4..b) conclnlng p.rc of ch. v.rlabl. .nd .11 of ch. 
eonscenc region ».. obc.ln.d. Thl. fr.g-nc v., blunc.d vich 
Klenov fr.g».nc. end recovered by gel eleccrophore.l. (Fr.pe.nc 
el). 

n.««ld pRKCDiTP-kk. .needing . .ub.cicueion.1 verl«C of 
soluble CI* (re.idues 1-368) conclnlng . lyln. r..ldu. lnscd of 
..per.gln. ec po.lclon 1 of ch. -cur. polypepclde. v.. eoneeruccd 
free pl.e.id pRKCWTP by elc.-dlr.cc.d .ucgeneel.. A .ynch.de 
oligonucl.ocid. we. aed. . prl-r for . -uc.g.n..l. r~cel<m co 
ebcln ch. d..lr.d coding ..qu.ne.. Thl. w.» .yhch..lr.d .. • 51- 
tt .r which eoncln.d eve .11ms -ucclen. fro- ch. n.eur.1 ..qu.ne. 
in .ddlden co ch. .ub.elcudon .ucelon, «nd 21 b.e.e en ..eh .Id. 

of che aucc.d eodon*: 

5. . CCC TTT TTT CCC CAC CAC CAC CTT CTT CCC CTC- 

ACT CCC TGC TCC CAC CAC -3* 

Pl**»ld pRKCD4TP v.. ecn»fer».d Ince £. cell .er.ln SR101 
„d the cruuferwd celenl.. pl.c.d en wplclliln -.die pUc... 
R..l.cnc eolonl.. w.r. ..l.cc.d .nd grown In ch. pr...nc. of 
.13K07 h.lp.r b.cc.rloph.g. co yl.ld ..cr.c.d. .ncp.ld.cd .lngl.- 
.tr«d.d C»pl.C. of pRKCOfcTP. The .Ingle -»cr.nd.d pl...ld DHA 
we. l.ol.cd md u..d *. ch. cempl.ee for mucgen.el. re.celen. 
wlch ch. .ynch.cle ollgenucl.eeld.. d..crlb.d .bev. .. prl.ee. 
The .ucgeneel. ccclon w.. ecn.for».d E. cell SR101 .nd ch. 
cr.n.for..d culcure pl.cd on ..plclllln ..dl. pl.c... 
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Tr.n.for^nt. w.r. .cr..n.d by colony hybridation (r.f. 
Ln.celn.Hogn...) for the pr...nc. of th. .ppropri.ce .e,uence. 
u.lng th. following 16 »« « th. probe. 
5'- C CAC CTT CTT CCC CTC -3' 
5 The hybridation condition, cho.en were .uffici.ntly .trlngenc 

ch.t th. prob. only detect, th. corr.ctly fused product. olonl.. 
U.nclfl.d .. po.itW. w.r. ..l.ct.d .nd pU-U » w.s l.ol.cd 

L «~ *■ "" in sRi01 - ^ 

cul cur.s -.r. pUtrf on -pUiUU -*U pl.t... .nd r..i.t.n 
XO colonle, w.r. ..l.ct.d «d grown in th. pr...«c. of .1*07 

b.ct.rio P h.ge. T.«pl.t.. w.r. pr.p.red .. .bow .nd screened by 

sequencing. 

Pl.s«id pRKCWTP-kk w«. digested with Xb.I .nd tr..t.d with 
15 Kl.now Enzy... «nd Fr.g-.nt .2. conc.lnlng th. lln..rlz.d pl...id 

v.. r.cov.r.d by g.l .l.ctrophor..!. . .nd llg.t.d with fr.g-.nc .1. 
Th. lig.tlon -ixtur. w.. tr.n.for».d inco E. coll .tr.in 294. ch. 
cr«.for».d cultur. pl.t.d on «picillln ..di. pl.t.. .nd r.si.cnt 
eolonl.. ..l.ct.d. Pl.«ld DHA w.. pr.p.r.d fro. th. tr.n.fone«t. 
20 .nd ch.ck.d by r..trlctlon .n.ly.1. for th. pr...nc. of th. corr.ct 
fr.g».«t in th. corr.ct ori.nt.tlon (i.... th. fmunoglobulin 
coding region in th. ori.nt.tion .. the CD4 coding region. «d 

.t the 3' end of the CI* coding region). Thi. plumid is r.f.rred 
to pRKCDiTP/71- 

Synthetic ollgonucl.otld.8 w.r. «.d. •« pri..rs for 
d.l.tion.1 »at.g.«..i. re.ction. to fuse th. .ppropri.te coding 
•equence* of IgCl .no CD4 .. de.crlbed .hove. The.e were 
.ynthe.lz.d .. 48-»«rs co«pri.ing 24 nucleotide, on e.ch .id. of 
th. d..lr.d fusion .it. (1.... corre.ponding to th. COOH-cer.in.1 8 
te.idue. of th. desired CD4 .otety. «nd th. NH 2 -cer»ln.l 8 r..ldu.. 
of th. desired Uounoglobultn moiety). rl.«id P WCCD4TP/t1 
tr.nsfon.ed into E. coll .tr.in SR101 .nd th. tr.nsfor.ed cultur.. 
pl.t.d on s-plclllln medl. pl.tes. R.sl.t.nt colonies were 
35 ..l.ct.d s*d grown in th. presence of -13K07 helper b.ct.rloph.ge 
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1/., colony (»«■ «™»"^" ** 

To .no. of «* .PP«^"" " T" 

r. »~.. o. wcl .. . - «* - *• 

1 on. n^U...ol.n oh...» -M—H •« ».» 

L oo.n.,.0... .no. E. «U «" »~ 

.... ,1— - — ' U "' - !™ 

don!.. - •»"» " *• " 

b .oo.riopn.,. t^l.0.. .... P..P-.." " *•»• — " 

sequencing. 

Th. pU«ld- v.r. tr«uf.ct.4 Into 293 e.U. u.ing .t««Urd 
proc.dur.. .nd ....yd for «pr...ion .nd production .. d..crlb.d 
•bov.. 

pRKCWi 7 l * 



pWCCD4, 27 i 

pRKCDA 27 l 

pWCC04, fc7 i 

pWCCD4 47l 



♦ 

+ 
♦ 



FL.nid. .l.o v.r. con.truct.d to dlr.ct th. .xpr...lon of 
fusion prot.in. confining differing l.ngth. of th. «ino.t.min.l. 
«tr.e.llul.r do«.ln of C04 fu«d to th. trunc.t.d portion of th. 
cotuttnt r.|lon of huwn immunoglobulin ,1. comprl.lng only th. 
hing. r.gion .nd con«t.nt domain. CH 2 *nd CH 3 . 
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Synthetic oligonucleotide, w.r. «*• « prl»er. for 
genesis ration, to -lot. the l«unoglobulin ..,u.nc. «~ 
S.rlK to Cv.2U inclusive (Keb.c .c el.). Th... eyntheeUed 

l..r. co.pri.lng 2. nucleotide, on e.ch .id. of th. ...ire 
Ll .it. <i.... corre-pondlng to th. COOH-ter-lnel S re.idue.^ 
L d..lr.d CD. il.tr. - the NH 2 -t.r.inel 8 r..ldue. of th. 
I^ ir. l—oglohulln .oi.ty) . m-i* V**«*^. V^ 2yl end 
were s.per.t.ly cren.for.ed Into E.- coll .treln SR101 end 
I" tren.for.eo culture plet.d on «piclUln -die piece. 
K.slst.nc colonl.. were .elected end grown in th. pr...nce of 
.13K07 helper b.ccerioph.ge to yield .ecr.ted. encep.ldet.d . ngle- 
screndeo te.pl.te, of th... ple.-ids- The .ingle -.trended ple,.ld 
DHA ves l.ol.t.d end used e. the t.nplet. for .ut.gene.l. r.ectlon, 
with the synthetic oligonucleotide, de.crlb.d ebov. .. prl»ers. 
me oogenesis reactions were tr.nsfor.ed E. coli SR101 end the 
cr .nsfor.ed culture plet.d on enplclllin ..dl. pieces. - 
Tr.nsfomenc, were screened by colony hybridlz.tlon (Crunst.ln- 
Hogn...) for the presence of the eppropri.te fusion site, using 
16.er. e. prob... Th... 16..r. co«prie. 8 bu,. on .ith.r .id. of 
the fusion .ite. end the hybridlxetion conditions cho.en v.r. 
sufficiently strlng.nt thet the probe, only detect th. corr.ctly 
fused product. Colonies identified .. positive w.r. .elected end 
pUsmid DNA we, isol.t.d end tren,for.ed into E. coil .trein SR101. 
The tr.nsfor.ed culture, were plet.d on «piclllln ..die pl.t... 
,nd resl.cenc colonl., were ,.l.cted .nd grown in the pr...nc. of 
.13K07 becterlophege. Templete, were prep.r.d ., ebove end 
screened by .equencing. 

The pUsnld derived fro. pl.s.id pRKCD4 t7l Is referred to 

., pRKCD4 4Fcl . thet derived fro. pl..«ld pRXCl* 27l I. referred to 

.. PRKCI* 2FC1 .nd th.t derived fro. pl.s.id pRXCD* l7 i is referred 
to .. p8XCl*iFcl- 
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pMXD* 2Fe i. FiWIMFcl «* pW»**rel cultured in th. 
.„e fashion a. described -v. and CHl-oel.ted CD* l~o.dh.son. 
recovered e. described elsewhere herein. 

Ples.ld pRKCD4 4/t confine the portion of th. CI* gene fro. 
che initiation codon to the fusion elte after the codon for serin, 
residue 366 of the mature CD* polypeptide. 1—di.c.ly followed by 
che sequence for the conatant region of hv»*» immunoglobulin «. 
scarring at the codon for threonine residue 109 of th. «cur. huesn 
immunoglobulin a. (Kabat ec el.) 

Pleamid pRKCD4 e4jt contain, th. portion of th. CD* gene fro. 
20 th. initiation codon to th. fusion sit. aft.r th. codon for ly.in. 

residue 360 of the nature CD4 polypeptide, i—dl.t.ly followed by 
ch. eequ.nc. for the constat region of hu«n i-unoglobulin a. 
starting at th. codon for thr.onine residue 109 of th. mature human 
inmunoglobulin a. (Kabat ee al.) 

These plaamlds were constructed in e manner analogous to 

j -bvctUl , i described ebove, with the 

plasmlds pRKCD*4 7 i and pRKCDft e 4 7 i 

following exception: 

The human immunoglobulin « coding eequence (Fig. 5) was 
obtained fro. a human spleen cDNa library (Clont.ch Lebor.torle. . 
inc ) using oligonucleotide, based on the published sequence 
(Hleter. P. A. «c si.. Cell 22:197-207 (1980)) and an Ecott-fiaaMI 
fragment containing part of the variable region and th. .ntlre 
3 s consent region we. obtained (see Fig. 5). This fragment was 
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blunt.d with Kl.now fr.g».nt and the four dHTPs. Thl. fx.g-.nt «- 
u..d lnst..d of fr.g».nt .1. «- v., «... to construct pi..." 
pRKCD4TP/h* . 

Enrailan 1 " rH0 CalIfl 

Pl.salds were or .re constructed to dtr.ct the expression 
of th. lMB uno.dh..ons described .bov. In CHO c.U. . Th... .re 
referred to .e pSVCD4 47l SVDHFR . pSV.CD4 2irl SVDHFR • 
pSV.CD4 l7l SV0HFR. pSV.CD4. 47l SVDHFR . pSV.CD4. 27l SVDHFR. 
pSV.CD4. l7l SVDHFR. pSVeCD4 4Fcl SV0HFR. pSV.CD4 2Fcl SVDHFR. 
pS VeCD4 lFel SV0HFR. pSV«CD4 4(e SVDHFR .nd pSV«CD4 2(( SV0HFR. 

Fr.gment 31 w.s prep.r.d .s described .bove. Fr.gaent 32. 
we, pr.pered by dlge.tlng pl««id pE348HBV . £400 D22 with . 
blunting vith Kl.nov fr.g-ent and the four dNTPs. then dlg..tlng 
wlch fcul .nd l.ol.tlng the Urge fr.gment confining th. b.lenc. . 
of the /}-l.ct«.se gene «nd the SVU0 e.rly pro«ot.r .nd the DHFR 
gene. Pl«smlds pRKCD4 47l , pRKCD4 27l , pRKCD4 l7l . pRKCD4 e47l . 
pRKCD4 e27l . pRKCD4 el7l . pRKCD4 4Fcl . pRKCD4 2Fcl . pRKCD4 lFcl . 
pRKCD4 4K end pRKC04 2 « «•« WMt-lw dlg..e.d vlth HiadXII. 
blunted with Klenov fr.gaent .nd th. four dNTPs. then dtg..t.d with 
EjaRI .nd the fr.g».nt. .ncodlng th. CD4-lg fusion prot.ln wr. 
l.ol.t.d. The resulting DNA fr.g»ent. w.r. Ug.t.d cog.th.r with 
fr.gnents 31 «nd 32. .nd tr.nsfor».d Into E. coll .tr.ln 294. 
Colonl.. w.r. s.l.ct.d .nd ch.cked for th. presence of th. correct 
plssald .s «bov«. th.n trwsf.ct.d Into CHO ells «nd «spllfl.d by 
m.thotr.x.te selection using conw.ntlon.1 proc.dur... 



F.««nole 5 

30 fl^""- P ^ f^Mnn end formation ftf CBS VQrlflnH 

Pl.s«id* .ncodlng .olubl. CD4 «dh..ona such .8 CD4T. CD4TP. 
or solubl. CD4 Lmuno.dhesons were c.lclvin phosphste tr*nsf.cted 
Into CH0-DP7 (• prolnsulln-tr.nsfor».d .utocrln. ho.t c.ll d«rlw.d 
35 froa CHO; U.S.S.H. 97,472) .nd th. tr.nsfora.nt. grown In s.lectlv. 
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■ ri-1 HAH F12/BMEM GKT* containing 1 • 10% dUflltered or 
medium (1:1 HAM Yli/unui or 

, a v^vlne senna) . Other suitable host cells are CHO c 
dielyzed bovine ..«-> cr ^ fo rmants were 

293 S hu»an eabryonic Honey cell. ^ 

., f4#tl bv methotrexate selection in tne seae 

c lnin* 500 . ..chocr.x.c. ^ C * P * bU ° £ MCretln8 

c", 500 . v.. —d C 500 b is J- 

culture, efter which the .ediu. Is seper.ted fro. the c.Us end 
insoluble «*«er by centrifuglng. 

Culture fluid fro. CD4TP cr.nsfor.ents v.. conc.ntr.c.d end 

►u- <«nie strength. The concentrate w«s 
diaflltered to lower the Ionic screngw.. 

through . lerge volume of Q-Sepherose enion exch^ge ^re. in 
" iously eoulllbreted with 25 « N.C1. P« 8.5) In order to 
Tot continents fro. the culture fluid. The 

of C0*TP is ebout 9.5. thus .ing U possible to disc™ . 
b « w ,n trunceted for- of CD* end .ost continent, by .lc.rn.c 
sorption, respectively, on . c.tlon exchenge " 
c.rboxy..chyl or sulfonyl Sephero.e. end « ion .xchang. re.ln 

IT Jc. W «-onlu. Seph.ro... In .ddlclon. .Inc. highly 
el.ccropo.ldv. doins .r. pr.s.nc In ch. .xcr.c.llul.r ..g-.«c of 
CD4 eny CDO-conc.ining v.rLnc 1. purified in ch. f«hion 
CD4TP Th. un.dsorb.d culture fluid fro. the ion .xch«g. r..ln 
seep w.s ch.n p.ssed through . c.tion «xch.«g. r..i» (pr.vlou^y 
eoullibr.cd wich 25 « H.C1 .c P H 8.5) wh.r.by COAT? w.. .d.orb.d 

co the resin. Th. C04TP w.s .luted with . H.C1 gr.di.nt .c P H 8.5. 

chl. CD* variant .luting .t .bout 0.2 H N.C1. As-onlu. sulf.c. v.. 

4od ed to th. eluet. to . conc.ncr.tion of 1.7M end Ch. .oludon 

p...ed through . colu» of hydrophobic interectlon chro-cogephy 

resin (phenyl or bucyl S.ph.ro,e) . The CDATP we, .luc.d fro. ch. 

hydrophobic inc.r.ccion colu» wich . gr.di.nt of a-oniu. sulf.c. 

ch. CD*TP urging et .bout 0.7M a»oniu. sulfate. Th. .luac. v.. 

concntreted enc buffer exch.ng.d on . C-25 column u.lng P ho.ph«. 

buff.red ..line conc.lnlng .02 % (w/v) Tween 20 or Tw.en 80. Th. 
CD4TP we. solubl. .nd scbl. In this solution, which w.s st.ril. 
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Other 



glycol. 

It i, .1.. *»•»!. » "P^ l™™*"'" 11 * P"l»="'«" 

*< d. — ». «h — — " 

w - ~««— ■ - «— - ^7;: 

0.01 to 0.10 * (v/v) surfactant. 

Th. procedure followed for the purification of CD* fusion. 
„Uh immunoglobulin heavy, chain w« to conc.ntrete recombinant 
sup ernacanc, by ultrafiltration and thereafter adsorb th. fuaion 
onto ream- mobilized Staphylococcal protein A. The fuaion wa. 
.luted with 0.U citrate buffer pH 3 with no .alt or dat.rg.nt. 
Thi. preparation 1. buffered into Tri. buffer at pH 7.5. The 
t.n.unoglobulln fuaion. vlth CD* V1-V4 optionally are further 
purified by the procedure described above for unfuaed CI* variants. 
CD4 immunoglobulin fusions with C04 V1-V2 also -ay be purified by 
the procedure above, except that it is not expected th.t the 
isoelectric point of this cla.. of molecules will be as alkaline as 
that of species containing all four V regions of C04. 

fonm.lt fi 

The chsr.cterl.tlc. of ..v.r.l .dhe.on variants were 
determined. As shovn In table 4 the tmmuno.dhesons CD4 67l and 
a* 27l show Improved pi.— half-llf. In rabbits, coupled vlth 
hlgh-afflnlty gpl20 binding and an affinity for Fc 7 receptor 
(determined vlth U937 cells) that Is comparable to that of bulk 

hUBAT) IgCl. 
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Tabla A 

FC7R KD (nM)+ 



Plaaaa Half -Ufa** 



10 



15 



20 



CD4T 5 

CD4 27 i 
huaan IgCl 



2.3 ± 0.4 
1.2 ± 0.1 

1.4 i 0.1 
HD** 



Hoc detected 

2.83 ♦ 0.25 
3.01 ± 0.68 
3.52 ± 0.5 



0.25 
6.4 
40.6 

21 days* 



* deterained In huwni , . , 

♦ KD w« determined by the -chod of Andar.on .c J- 
launol.- 12i:2735-2741 (1980). 

1 determined by the method of Smith .C .2-. -Sci.nc.- 226,1704-07 

(1987). 
| residues 1-368 only 

variant was Injected Intravenously Into rabbits and 
~ ?^\To?Zl* *l~ ^collected periodically end aa.ay.d for the 

pretence of the adheaon variant. 

Not done. 
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2. 



Hucl-ic .cid -needing .n ~ino .eld .eouenc. v.rl.nt of « 
adheion. 

Th. nucleic .cid of cl.i- 1 ^.rein the .dh..on i. . CI* 
polypeptide . 

The nucleic .eid of eUi. 2 wh.r.in th. v.rl.nt 1. . CI* 
polyp.ptid. in which nucl.le .eid .needing th. ™> « 
JL h.s b..n eodifl.d wh.r.by th. CI* polypeptide encoded 
thereby cont.ln. .n in.crlv.ted tr.ns..»br«. do-ln. 

The nucleic .cid of cl.i* 3 wherein the tr«U-«br«. dcin 
h.s b.en ln.ctlv.ted by it. del.tion or by .ub.titutlng for 
the tr.ns»e«br.n. do«.tn .« «ino .cid ..que«ce h.ving . 
subst.ntl.lly hydrophllic hydrop.thy prof 11. . 

The nucleic .cid of cl.lo, 2 wherein th. v.rl.nc co«prl... . 
fueion of (.) . polyp.ptid. dlff.r.nt fro. th. CI* «d (b) . 
CI* polypeptide. 

The nucl.le .cid of cl.la 5 wh.r.in the polypeptide different 
fron the CI* be.rs • non-CI* iansun. epltop.. 

7 The nucleic .cid of cl.l. 6 wh.r.in th. polyp.ptid. dlff.r.nt 
fro- CT* i. fu..d to th. «ino or c.rboxyl t.r-lnu. of -.tur. 
CI* .nd the tr.n.-e-br.n. do-in of CI* h.. be.n ln.ctlv.ted. 

8. Th. nucl.le .eld of eUU 5 wh.r.in th. dlff.r.nt polypeptld. 
eoaprl..* * itgn.1 «.qu«nce. 

9. The nucleic .cid of cl.i- 5 wh.r.in the different polypeptide 
cont.ltu .bout from 5 to 1000 r.sldu... 



6. 
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10 The nucleic acid of eltU 9 wherein th. different polypeptide 
i, capable of eliciting a humoral immune response in an 
animal. 

n . Th. nucleic acid of elalm 10 wh.r.ln the dlff.r.nt polypeptide 
it « viral polypeptide or an allergen. 



12. 



13. 



Th. nucleic add of claim 5 wherein th. different polypeptide 
U e human plea-* protein having . pU." half life Skater 
than fro. which the transmembrane domain haa baen deleted. 

The nucleJc acid of claim 12 wherein the variant i. a fusion 
of « polypeptide co.pri.ing at l.aac on. V-lika domain of CD4 
foaed with a polypeptide compri.ing an immunoglobulin conet-nt 
domain . 

U. The nucleic acid of claim 1 vh.rein the adhe.on t. CD4, CDS or 
the high affinity IgE receptor. 

15. The nucleic acid of claim 2 vherein the variant constat, 
essentially of the V x through V 4 or V x through V 2 region, of 
the CD4 antigen. 

16. The nucleic acid of claim 2 which conai.t. e.aentially of the 
CD4 inaert of pCD4ANla. 

17. The nucleic acid of claim 12 wherein the different polypeptide 
is albumin, apolipoprotuin or tranaferrin. 

18. The nucleic acid of claim 8 wherein the aignal sequence L a 
bacterial aignal sequence. 

19. The nucleic acid of claim 15 wherein the variant consist, 
•ssentially of CD4 residue* 1-368. 
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20 . Th. nuel.ie acid of cl.im 15 -herein the variant con.i.c. 
e.senci.lly of CD4 r.iWw« l-«0- 

n Th* nucl.lc .eld of claim 13 vh.r.in th. i-unoglobulin 
' consent dW4 ln I- th. constant domain of an IgC h..vy ch.ln. 

22 . The nucl.te .cid of el.i. 5 -h.r.in the different polypeptide 
Is e cytotoxic polypeptide. 

23. The nucleic .eld of cl.im 5 -h.r.in the cytotoxic polypeptide 
1$ the diptherl. toxin A. 

2 U A condition co.prl.lng « .dhe.on «lno .eld ..quence 
variant which Is Incapable of cell rn.mbr.ne anchor.ge. 

25 The composition of claim 24 wherein the adhe.on variant . 
comprises a CD4 amino acid sequence capable of binding gpl20. 

26 The composition of claim 25 further comprising an .gent for 
inhibiting the .ggr.g.tlon of the variant ..l.et.d fro- the 
group of » predetermined prot.ln «nd . .urf.ct.nt. 

27. The composition of cl.im 26 wherein the .gent 1. . 
surfactant. 

28. Th. co»po.ition of el.lm 27 vh.r.in th. surf.ct«t 1. Tv..n 80 
or Twoen 20. 

29. Th. co«po.ltion of cl.im 25 vh.r.in th. CI* ««»^« 
domain hu b..n deleted or hu been substituted for by «n 
Ml „e acid ..qu.nc. h«ving . subst.ntl.lly hydrophllie 
hydrop.thy profile. 

30. Th. composition of claim 29 which Is sterile and which further 
comprises a physiologically acceptable carrier. 



-St- 




aff dais 33 



V2- 



pomttUm of cloia 33 



ildoe of claim 31 



is i* 



of * 



of data 36 
«f « CD* V-llta 




of data 31 
oofisti!Q| of 

(e) AC.- (AC.. ACl-^. *Cl-Vb. *lCj.-A1«. « 

(*) ACi-ACfc-tACfc. *Cl-*Cb. Vt" 11 *- •» VL'W 1 

C) *=l-*«- •Cl-Vb- •* f A* , W : 

(f) VjCj_- 1 ACg . AC*.-**. *ift.-* C H- •* ^tPlL- = 
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wharain A is * CD4 polypaptida containing * CD* variabla 
rtgion-lika doaain; V L . V„, C L and C H rapraaant light or haavy 
chain variable or conatant doaaina of an iaaunoglobulin; n la 
an tncaiar; and Y dtaignat.t tha raaidua of a covalant croaa- 
linking agant. 

39. Th. coapotition of claia 38 vhtrain tha V L and V H domaina ara 
capabla of binding a pradatarainad antigan. 

40. Tha coapotition of claia 31 wharain tha iaaunoglobulin 
•tquanct it obtained froa XgGl, IgG2, IgG3, XgC4, IgA, IgC, 
IgO or IgK. 

41. Tht coapotition of claia 23 wharain tha variant coaprlaaa a 
polypaptida diff aranc froa CD4 which la noniaaunoganic in 
huaana . 

42. Tht coapotition of claia 41 wharain tha variant coaprlaaa a 
polypaptida which it iaaunoganic in huaana. 

43. Tht coapoticton of claU 41 wharain tht variant coaprlaaa a 
polypaptida having a huaan plana half Ufa which it graatar 
than about 20 hours. 



Tht coapotition of claia 41 whtrain tha variant coaprlaaa a 
huaan tranafarrin, apolipoprotain or albumin polypaptida. 



45. Tht coapotition of claia 23 whtrain tha variant coaprittt a 
cytotoxic polyptptidt. 

46. Tht coapotition of claia 43 wharain tha cytotoxic polypaptidt 
it ricln A chain or dlpthtria toxin A. 

47. A polyptptidt coapriiing a CD4 aalno acid ttqutnca capabla of 
binding gp!20 which it croat-linkad to (a) polyptptida having 
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. plasma half life of graatar than about 20 hours or <b> a 
cytotoxic polypeptide. 

48. The polypeptide of claim 47 wharaln tha polypeptide of (a) is 
transferrin, an apolipoprotein or albumin. 

49. The polypeptide of clala 47 wharaln tha cytotoxic polypaptida 
is cross-linked to the CD4 variable-like domain by a 
bifunctional cross -linking agent. 

50. A method for preparing an adhaaon variant comprising 
trensf acting a host cell with the nucleic acid of clala 1. 



51. a method for preparing an adhaaon variant coaprlalng 
15 recovering the variant from tha culture of a host cell 

cranaf acted with the nucleic acid of claia 1. 



20 



25 



30 



52. The aethod of claia 51 wherein the adhaeon la CD4 and the 
variant ie recovered froa the culture medium of the boat call 
or from the cell itself. 

53. The method of claia 52 wherein the variant ia recovered by 
adsorption onto a cation exchange raaln. 

54. The aethod of claia 53 wharaln the variant ia recovered by 
adsorption of contaminants onto an anion exchange resin. 

55. The aethod of claia 52 wherein the variant lacks a functional 
transmembrane domain. 

56. The method of claim 52 wherein wherein a salt is added to the 
culture medium to occupy charged domains of the variant, the 
resulting solution is contacted with a hydrophobic affinity 
chromatography resin to adaorb the variant, and the variant 
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.luc.d fro. th. r..ln by v«hlng th. r..ln vlch . d.cllnlng 
gradient of 

57. Th. -thod of cUU 52 -h.r.ln th. v.rUnt I. r.cov.r.d by 
lanruno affinity chroMtogrmphy . 

58 The -thod of cUl. 57 vhor.ln th. l-unoffinlty 
' chro.-togr.phy U dir.ct.d . g .l~t . polypoid, diff.r.nt 

fron CD4 which L fu«.d to CD4. 

59 a *.thod for th. tr..t».nt of « HIV Inf.ctlon co^rl.lng 
.d.lni.t.rlng to . p.tl.nt Inf.ct.d -1th HIV . th.r.p.utlc.Uy 
effective do., of .n «nlno .eld ..qu.nc. varlut of CD4. 

60. A r.plle.bl. vector co«prl.lng th. nucl.lc .eld of eUU 1. 
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cell. vol. 42. no 1. August JJ"; and 

P.J. Maddon et ax-. xn« i encoding , 

SS'rSS S suSa« p°rot a eif?i: a new | 
^L C of the immunoglobulin gene | 

JS'gi.ST'.SSiiilY ragmen, T4B j 
, (cited in the application) . 

i -related domains", pages 1649-1633. 
! see figure 3 

!W0 A, 88/01304 (THE TRUSTEES OF COLUMBIA 
•• ' UNIVERSITY IN THE CITY OF NEW YORK) 
i 25 February 1988, see pages 69-75, 
examples 3-6 
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□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

/d REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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